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THE CONTRIBUTION OF HERMANN BIGGS TO PUBLIC 
HEALTH! 


C.-E. A. WINSLOW 


My predecessor in this lectureship, Dr. Allen K. Krause, began his 
address a year ago with the following words: “Some day a man will 
write a new kind of history. Its keynote will be the shaping of human 
destiny by disease, and, let us hope, the guidance of this destiny by 
virtue of the control of disease.”’ 

It is indeed true that the slow conquest of an unfavorable environment 
and the upbuilding of strength and power through personal and racial 
hygiene is the really vital conflict of the ages. We speak of the European 
cataclysm of 1914-1918 as ‘““The Great War,” but ‘“‘The Great War” is an 
older and a more continuous conflict. It has been going on ever since our 
far-off ancestors plotted together to overcome the mammoth and the 
cave-bear, and learned by intuition and experiment the first hazy truths 
of elementary medicine and surgery, and discovered how to cultivate 
plants and domesticate animals, that the vigor of their children might be 
ensured by an adequate food supply. 

The Biggs memorial lectureship was established to perpetuate the 
memory of an outstanding captain in this war. Homer Folks has said, 
“T was asked some years ago who was the dominant power in the public- 
health movement in the United States and of course I said, ‘Hermann 
Biggs’; I was asked the same question a few days ago, three years after 
his death, and I made the same answer.” 

So clear and unchallenged was Dr. Biggs’s leadership in the war against 
disease that the history of his contribution to this field of social welfare 
is essentially a history of the public-health movement itself, during the 
thirty years for which he was its chief protagonist in the United States. 
The story of this contribution is one of the most inspiring chapters in the 
history of mankind’s “great war”; and there seems a peculiar fitness in 
the telling of this story under the lectureship established in his honor.? 


1 The Hermann M. Biggs Memorial Lecture for 1928, given under the auspices of the 
Medical Society of the County of New York and the New York Tuberculosis and Health 
Association, at the New York Academy of Medicine, November 22, 1928. 

2 The complete story of Dr. Biggs’s life will shortly be told in a volume entitled, The Life 
of Hermann Biggs, Physician and Statesman of the Public Health, to be published by Lea & 
Febiger for the National Tuberculosis Association, 370 Seventh Avenue, New York City. 
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2 C.-E. A. WINSLOW 


THE STATE OF MEDICAL KNOWLEDGE FIFTY YEARS AGO 


In order to understand the accomplishments of the past half-century in 
sanitary science it is essential to form some conception of the shadows of 
ignorance through which our forefathers in medicine were forced to grope 
theirway. ‘The pestilence that walketh in darkness” was still an appro- 
priate description of the communicable diseases as they appeared to our 
grandfathers fifty yearsago. Some of the worst of the plagues and pesti- 
lences of the Middle Ages had begun to yield to a rough empirical sanita- 
tion; and, with regard to such diseases as smallpox, the idea of contagion 
had of course fully established itself. The concept of contagion was, how- 
ever, still inextricably intertwined with the Hippocratic doctrine of 
miasms. As late as 1873 Murchison promulgated his pythogenic theory 
of typhoid fever, with all the weight attached to his dominant position. 
The carrier was, of course, unknown; and even the existence of tuberculo- 
sis as a definite aetiological entity was accepted only by the few. When 
Villemin’s experiments were first announced in France, “‘Dr. Pidoux, an 
ideal representative of traditional medicine with his gold-buttoned blue 
coat and his reputation equally great in Paris and at the Eaux-Bonnes, 
declared that the idea of specificity was a fatal thought.” ‘Tuberculo- 
sis,” he said, “‘is the common result of a quantity of diverse external and 
internal causes, not the product of a specific agent ever the same.” “The 
doctrines of specificity,” he concludes, ‘‘condemn us to the research of 
specific remedies or vaccines, and all progressis arrested. . . . . Speci- 
ficity immobilizes medicine.’ 

Light, however, had already, in two directions, just begun to dawn. 
Rudolf Virchow (1821-1902) had given us in his cellular pathology the 
key to an understanding of the degenerative changes within the tissues 
themselves and, thanks to him, Germany had become the medical centre 
of the world in the late seventies and early eighties. Minerva Medica, as 
Osler puts it, mowed from Paris to Vienna, and then from the banks 
of the Danube to those of the Spree. Eager young men crossed the ocean 
to worship at her shrine, and returned to raise their own altars to Minerva 
Medica in the new world. Osler came back in 1874, from studies with 
Virchow himself and with Burdon-Sanderson in England. Welch re- 
turned from Strassburg, Leipzig, Breslau and Berlin in ’78 and became 
Professor of Pathological Anatomy and General Pathology at Bellevue 
in the next year. Prudden, fresh from his work with Arnold at Heidel- 


° R. Valery-Radot: La vie de Pasteur. 
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berg, accepted a similar position at the College of Physicians and Sur- 
geons in New York. 

Meanwhile, there was another current moving in the stream of medical 
thought which was destined to produce an even more powerful influence 
than that associated with Virchow and the new laboratory pathology. It 
is doubtful whether a single worker in the field of medicine noted the 
investigations of a young French chemist, Louis Pasteur, in regard to the 
relation between crystalline form and chemical composition in the asym- 
metrical tartrates. When this young man was called to Lille as Dean of 
the Faculty of Sciences and there, through his studies on wine and beer, 
demonstrated the germ theory of fermentation, Lister at Glasgow took 
notice. In 1867, when Pasteur returned from Alais with the proof that a 
devastating disease of silkworms was really, like the decomposition of wine 
and beer, the work of microbes, there were many who began to wonder 
whether such a study might not have wider applications. Micro- 
organisms, supposed to be the cause of various diseases of men, were 
described by many observers during the following ten years. 

So long, however, as bacteria were merely observed in diseased tissues, 
and were not cultivated in a state of purity outside the body, the claims 
made by their discoverers remained open to grave doubt. It was Robert 
Koch and his pupils in Germany who carried the demonstration of the 
germ theory of disease to a point where medical men could be convinced 
of its validity, and they who developed a practical technique sufficiently 
simple and standardized to attract disciples from all over the world. Dr. 
William H. Welch, whose vision and enthusiasm continue dominant ele- 
ments in American medicine, was a student in the laboratory at Breslau 
in 1876 when Koch, as an unknown country doctor, came up to the 
university to demonstrate his cultivation of the germ of anthrax. He 
vividly recalls how. after the chief members of the faculty had been 
closeted with the visitor, Cohnheim came out into the students’ laboratory 
flushed with excitement, exclaiming, ‘“This is the greatest discovery of 
modern times.”’ Six years later, on March 24, 1882, Koch announced 
the discovery of the germ of tuberculosis. 

It is somewhat difficult for us to realize the full effect of this last event 
upon the scientific world and the general public. To-day we are so 
accustomed to the dramatic advances of medical science that nothing 
could well occur which would produce a comparable impression. This 
was the first full unveiling of the cause of a disease of universal signifi- 
cance,—the disease of all others which then held the greatest mystery 
and the greatest terror for the human race. 
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It must not be supposed, however, that the new views gained anything 
like immediate acceptance. Surgery was in the “antiseptic” but not yet 
in the aseptic period. Mercuric-chloride was employed, but gloves and 
gowns were not habitually in use. If we turn to the fifth edition of 
Flint’s Principles and Practice of Medicine, published in 1881, we find that 
in certain diseases contagion was supposed to be transferred by palpable 
morbid products, such as the matter from a smallpox pustule. In other 
diseases, however, the contagion was spread in an “impalpable emanation’’ 
from the body. The germ theory was definitely accepted only for an- 
thrax and relapsing fever. Of diphtheria Flint says ‘“‘that the diphtheri- 
tic exudation contains a contagion is a general belief.” Careful experi- 
ments were, however, “opposed to the doctrine that diphtheria can be 
produced in animals by inoculation.” ‘Specific cases occur under cir- 
cumstances which seem to render it impossible that a contagium was in- 
volved. ‘The number of such instances justifies the opinion that, if the 
disease be contagious, it may be also produced without the agency of a 
contagium.” 

Typhoid fever was attributed without much hesitation to causative 
germs, produced within the bodies of typhoid patients and contained in 
the intestinal discharges. ‘These germs “‘become infecting agents after 
certain modifications or developments have taken place under conditions 
which pertain to decomposing human excrement.” Without these germs, 
“no matter how offensive the polluted water or air, typhoid fever is never 
produced.” On the other hand, “‘whether the production of the causa- 
tive germs is ever independent of the disease is not settled; in other words, 
it is an unsettled question whether the disease is ever produced irrespec- 
tive of communicability.” 

Of tuberculosis, Flint says, ‘““The doctrine of contagiousness, has now, 
as hitherto, its advocates but the general belief is in its noncommuni- 
cability.” Even Koch’s great announcement in 1882 was by no means 
hailed with universal enthusiasm. Flint, himself, on reading it in his 
morning paper, jumped into a cab, drove down to Welch’s lodgings on 
East 21st Street and rushed to the bedside of his more indolent young 
colleague, waving the paper in the air in his enthusiasm. The Medical 
News of Philadelphia on April 29 declared the evidence to be conclusive. 
The general reaction of the profession, however, is perhaps better 
exemplified by the report of the committee on practical medicine and 
epidemics of the Illinois State Medical Society for 1882, which main- 
tained that Koch’s bacillus was probably only one of the ‘mere accom- 
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paniments of certain deteriorative changes in organic matter and possess- 
ing no causative relation whatever.” ‘The committee concludes “there is, 
therefore, nothing in the present status of investigations on this subject 
that will either justify the isolation or quarantine of the victim of tuber- 
culosis, the prompt disinfection of his sputa, or the expectation of curing 
him by the use of germicides. These remarks apply equally well to 
nearly all the other diseases with which some variety of bacterial germ 
has been associated.” 


ENTER HERMANN BIGGS 


It was on this scene that young Hermann Biggs entered forty-five 
years ago. Born at Trumansburg, New York, in 1859, he had entered 
Cornell in the fall of 79. After two years he had completed so much of 
his four-years’ course that he was able to obtain leave of absence to take 
the fall term in the medical course at Bellevue and to return to Cornell in 
the spring of ’82 to receive his bachelor’s degree. In 1883 he was grad- 
uated in medicine at the head of his class and received an interneship at 
Bellevue Hospital in March. Technically defective as was medical 
education in those days, there was a world of inspiration in contact with 
such men as Joseph D. Bryant, Austin Flint, Senior, William T. Lusk, 
and, above all, Edward G. Janeway; and it was Biggs’s privilege to work 
as a Student with Welch, in what was perhaps the first real teaching lab- 
oratory of pathological anatomy in the United States. 

To this keen and alert group, with Welch and Pruddenas its intelligence 
officers, the new discoveries which were being made across the ocean came 
with a thrilling force and power. Even from his first brief contact with 
the Bellevue circle, Biggs returned to Cornell in the spring of ’82 with a 
mind so open to the new possibilities that he chose as the subject of his 
graduating thesis the prophetic title, “Sanitary Regulations and the Duty 
of the State in Regard to Public Hygiene.” In this essay the young man 
of twenty-three quotes the remark that “‘Men are slow to learn the extent 
to which their destinies are in their own hands,” and points out that “on 
the recognition and careful observance of hygienic laws depend the health, 
physical condition, and so the prosperity not only of individuals and com- 
munities, but also of whole states and nations.” He notes that the de- 
fense of mankind against the onslaughts of disease demands the sacrifice 
of individual independence on behalf of a strong leadership exercised by 
governmental authority. He quotes “The grandest discovery of the age 
—the discovery of a parasite as the cause of tuberculosis by Dr. Koch of 
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Berlin,” and hails the coming century as a time when zymotic diseases 
shall have become merely traditional, ‘“‘when life shall be prolonged and 
the enjoyment of health and immunity from suffering shall be almost uni- 
versal through the advances of preventive medicine and the prevalence 
and observance of National Sanitary Regulations.” 

During the period of Biggs’s interneship and immediately thereafter, 
the new strategy of Koch was achieving fresh victories with every suc- 
ceeding year. In 1883 and 1884, Klebs and Loeffler discovered the diph- 
theria bacillus, and in 1884 Gaffky cultivated the germ of typhoid fever 
and Koch described the spirillum of cholera. As Welch has said, 


At the end of that wonderful decade, 1880-1890, perhaps the most wonderful 
decade in the history of medicine, there had been a revolution in medical 
thought through the discovery of the agents causing infectious diseases. 

. . Those living to-day can hardly realize the enthusiasm and youthful 
spirit which was stirred not only among medical men, but in the general public 
by these discoveries. 


In 1884 and 1885 young Biggs served his own apprenticeship in 
Germany, chiefly at Greifswald, and in March, 1885, he returned to New 
York as an instructor in the Carnegie Laboratory, of which Janeway and 
Dennis were directors. This was the first laboratory building provided 
in the United States in connection with medical education and the 
opportunity for a young man was a rare and unusual one. 


THE APPLICATION OF BACTERIOLOGY TO THE PROBLEMS OF PUBLIC 
HEALTH 


By 1885 Welch had accepted his call to Baltimore, and theapplication 
of the new knowledge in New York City devolved on Biggs at the Car- 
negie Laboratory and on Prudden at P. and S. It was at this time that 
these two eager young men began their intimate friendship and their life- 
long alliance for the promotion of the cause of public health. In 1885 
Biggs took part in the study of the epidemic of typhoid fever at Plymouth, 
Pennsylvania. The limitations of the knowledge of the time are clearly 
indicated by his assumption that the causative agent of the disease 
had been generated de novo at the farm on the watershed which sowed the 
seed for the epidemic in the town below. Two years later, he attributed 
the prevalence of dysentery on Blackwell’s Island to “emanations of de- 
composing human excreta.’’ In the same year, however, he definitely 
recognized the bacillus of Koch, Eberth and Gaffky as the specific agent 
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of typhoid fever. In the fall of 1887 he and Prudden isolated the cholera 
vibrio from steerage passengers on the steamship Britannia. This was 
the second occasion in any part of the world on which bacteriological 
examinations were practically used in the quarantine of cholera, the first 
being the work of Koch himself in Italy, India and Egypt in 1884. 

It was evident to Biggs and Prudden that the new science of bacteri- 
ology held unlimited possibilities of a revolution in the practical control of 
communicable disease. It was five years more, however, before Biggs 
could gain the opportunity he sought for demonstrating what this 
possibility might mean. The chance came at last in 1892 and it came, as 
has so often been the case in the history of public health, through a new 
and dramatic danger. The late Professor George C. Whipple in his book 
on Typhoid Fever has a chapter on ‘‘Epidemics as Life Savers,” in which 
he emphasizes the fact that only an imminent hazard or a striking 
catastrophe will, as a rule, persuade the citizens of a republic to take 
reasonable precautions for their own safety. The imminent hazard in 
1892 was due to the great epidemic of cholera at Hamburg. At the news 
that over 16,000 cases of cholera had occurred in a city in regular steam- 
ship communication with New York, our young bacteriologists saw the 
opportunity for which they had waited. The city fully realized the dan- 
ger inherent in the situation. The Chamber of Commerce appointed an 
advisory committee on cholera. The Board of Health, under Commis- 
sioner J. D. Bryant, acted with vigor and discretion, in cleaning up the 
city, in appointing special inspectors, and in issuing circulars of instruc- 
tions. The first infected ship from Hamburg arrived at New York on 
August 31, followed in rapid succession by fiveothers. Public sentiment 
was at last ready to support Commissioner Bryant in the carrying out of 
plans which Biggs had for years been urging upon him. At the meeting 
of the Board of Health on September 9 it was decided to create a new 
administrative division of pathology, bacteriology and disinfection, and 
Biggs was placed at the head of this division on September 13. For the 
laboratory work on the cholera cases Dr. Biggs secured the codperation 
of Dr. Edward K. Dunham, who had recently returned from a study of the 
problem at the fountain-head of knowledge, the Hygienic Institute in 
Berlin. Dr. Bryant was assured by the mayor that any funds necessary 
were at his disposal. As Dr. W. P. Northrup has said, ‘“The days were 
lurid; quarantine was not a science; cholera was down the bay; Biggs and 
Prudden stood at the gate.” 

The application of bacteriology to problems of water-supply and sew- 
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age-disposal had already been begun by Sedgwick at the Lawrence Exper- 
iment Station of the Massachusetts State Board of Health in 1887, by 
Victor C. Vaughan at Ann Arbor at the same time, and by Gardner T. 
Swarts in Providence in 1888. These laboratories were, however, 
devoted primarily to water and food analyses, and New York City, thanks 
to Biggs, has the credit of establishing the first health-department 
laboratory in the world for the application of this new science to the 
routine diagnosis of disease. Dr. C. V. Chapin has said that this “‘was, 
perhaps, the most important step in modernizing public health practice 
in the United States.” 

As a result of the guard kept by Biggs and his associates, there were 
but ten clearly defined cases of cholera which developed in this country, 
although seventy-six deaths had occurred on the six ships at sea and 
forty-four more at Swinburne Island and other places in the port. 

The successful control of the cholera epidemic of 92 was only a first 
step,—and one of minor importance,—in comparison with the possibili- 
ties which Biggs saw in the new knowledge. His next attack was made 
on diphtheria, and in January, 1893, only four months after his appoint- 
ment, he recommended to the Board of Health that bacteriological pro- 
cedures should be introduced for the practical control of this disease. 
On May 4, 1893, Dr. William H. Park, who has ever since remained with 
the Health Department and who for many years has directed its magnifi- 
cent research laboratory, began work on the diagnosis of diphtheria by 
culture methods. By summer Biggs was prepared to take his second 
important step,—the requiring of negative cultures for the release of 
convalescent cases of diphtheria. During this first year the investigations 
of the laboratory made it possible for the first time, on a large scale, to 
differentiate accurately between diphtheria and allied inflammatory 
conditions. Furthermore, it was demonstrated that virulent bacilli 
might persist in the throats of convalescents for at least three weeks afterthe 
disappearance of the characteristic membrane, and, finally, it was shown 
for the first time in a definitely conclusive fashion that virulent diphtheria 
bacilli might also be found in a substantial proportion of perfectly well 
persons. It was this demonstration of the part played by the well carrier 
which was to furnish the final link in our new conception of the aetiology 
of disease. So long asthe germ theory was limited by the idea that infec- 
tion must always arise from a frank case of disease, just so long was it 
inadequate to explain actual observedfacts. ‘Thelate Dr. Beverly Robin- 
son pointed out in 1893 that while the Klebs-Loeffler bacillus might be the 
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normal cause of diphtheria, repeated epidemics had been shown to occur 
without any possibility of contagion from a recognized case. ‘“Diph- 
theria has arisen,” he says, “in small villages, in isolated farm houses, in 
palatial country dwellings, where no case of this disease had previously 
been known to exist. We must admit therefore that ill ventilated areas 
or rooms where dampness and dirt are present, where mold fungi appear 
on the floors, that cellars which are wet and contain decaying vegetables 
and animal matter, are quite sufficient at times to bring this poison into 
active existence.” These conclusions seem absurd enough in the light of 
modern knowledge; but they were inevitable until the conception of the 
well carrier arose to supplant that of spontaneous origin, in the explana- 
tion of such sporadic cases of disease. It is, therefore, scarcely possible 
to exaggerate the fundamental theoretical significance of this demonstra- 
tion of the importance of the carrier state by the New York City labora- 
tory in 1893. 

For the first time in the history of the world the new scienceof bacteri- 
ology had been applied in an organized fashion to the protection of a com- 
munity against epidemic disease. It had been demonstrated that diph- 
theria, instead of a somewhat vague clinical entity, was a specific infection 
caused by the Klebs-Loeffler bacillus. Inflammatory reactions of the 
throat with false membranes were not diphtheria if the specific micro- 
organism were absent, while well persons harboring this bacillus might be 
as dangerous to the public health as a patient with the most malignant 
type of fulminating disease. Koch, who was visited by Biggs in Berlin 
in 1894, expressed himself as delighted with the advances made in New 
York, and said, “You put us to shame in this work.” The leaders of 
English public health wrote eagerly for particulars of the new procedures, 
and by the end of 1894 a dozen or more American cities had followed New 
York in establishing the bacteriological diagnosis of diphtheria as a 
routine. 

It is not too much to say that the work performed by Biggs and 
Prudden and Park in New York in these early years not only established 
American public health forever upon the firm basis of laboratory research, 
but exercised a profound influence on the development of the whole science 
of medicine in the United States. 


DIPHTHERIA ANTITOXIN AND THE ARTIFICIAL CONTROL OF IMMUNITY 


The first fruit of the work of Pasteur was the application of bacterio- 
logical methods to the recognition of infected persons,—an application 
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which, for the first time, made precise and definite our methods of isola- 
tion and disinfection, and which laid the basis for the intelligent control of 
water, food and other vehicles of disease. An even more important field 
of preventive medicine was, however, to emerge from the researches of the 
greatest of Frenchmen. 

The fact that an attack of communicable disease confers upon the 
recovered patient a more or less lasting state of immunity against the 
disease in question had long been atruismofmedicine. In one particular 
instance, that of smallpox, an artificial procedure for conferring such 
immunity had been discovered, and had been in use for three-quarters of 
a century. No one dreamed, however, that this isolated empirical fact 
was related to a general principle which might have wider application. 
It was in 1880 that Pasteur, working with chicken cholera, observed a 
similar phenomenon. His keen mind at once visualized the possibilities 
involved. Burning with eagerness, he tested out the theory that patho- 
genic germs in general could be artificially weakened so that; while still 
possessing the power to stimulate the development in the body of a state 
of immunity, they would no longer produce active disease. He turned 
to splenic fever for a field of experimentation, and in 1881 made the dra- 
matic demonstration at the farm of Pouilly le Fort which established the 
validity of sucha hope. He next sought to apply this principle to rabies 
and on July 6, 1885, treated his first human case, the little Alsatian boy, 
Joseph Meister, with the antirabic virus. 

In the autumn of this same year a group of children in Newark, New 
Jersey, were bitten by asupposedly rabid dog and were sent over by popu- 
lar subscription to the Pasteur Institute for treatment. Biggs was de- 
puted by the Carnegie Laboratory to watch the treatment andits results, 
and was deeply moved by the gentleness and modesty of Pasteur and by 
the stream of patients from every part of the world who waited in his 
anteroom for their one hope of release from a terrible fate. He returned 
in 1886, pleading generously that a fair hearing should be given to the 
epoch-making experiments of Pasteur. The idea was, however, too novel 
to be readily received by the medical profession, and even Biggs, a year 
later, modified his first favorable opinion. The report of an influential 
English commission on antirabic vaccination toward the end of 1887 
brought the final confirmation for which he had waited. He had seen 
from the first that, if proved, such methods of vaccination would “present 
almost unlimited possibilities in preventive medicine, and possess a 
significance the importance and far-reaching nature of which it is scarcely 
possible for us to comprehend.” 
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Rabies, like anthrax, was, however, a rare and exceptional disease after 
all. It was between 1890 and 1893 that Behring and Kitasato in Berlin 
extended the principle of immunological control to the far more imme- 
diate problem of diphtheria. Roux further improved the procedure in 
Paris, and by 1894 it had been shown both in Germany and France that 
diphtheria antitoxin was a powerful therapeutic agent. In June of that 
year Biggs was in Europe, and was so impressed with the results obtained 
in Berlin that, without waiting for the mails, he cabled to New York that 
the antitoxin treatment was a success, and wrote to Park to begin at once 
the process of cultivating diphtheria bacilli and preparing toxin for the 
immunization of animals. On his return in the fall Biggs was an eager 
apostle of this new weapon and found a nation ready to listen to his 
gospel. The case-fatality of diphtheria at that time varied from 25 to 
50 per cent in different years; and only those older physicians who have 
sat by a child’s bedside and watched it hopelessly suffocating with laryn- 
geal diphtheria can realize the full horrors of this disease as it then 
presented itself. Not only medical journals, but the daily press through- 
out the country, hailed the new gospel, and regarded Biggs as its prophet 
in America. Municipal appropriations could not be made available until 
January; but on December 10 the New York Herald opened a campaign 
for a great public subscription for Biggs’s work, heading the list with its 
own gift of $1000. On December 20 the Board of Estimate and Appor- 
tionment of New York City made the requested appropriation of $30,000 
for the conduct of antitoxin work in 1895, while other cities sent their ex- 
perts to New York to study the procedure and planned to imitate it. On 
January 1, 1895, the first antitoxin produced in the laboratories of the 
Department was applied to the treatment of two cases in the Willard 
Parker Hospital; and the conquest of diphtheria, which has now brought 
it so nearly to the point of extinction, was really under way. 

As is so often unfortunately the case, the microbic enemies of mankind 
for a time found unconscious allies in the more reactionary section of the 
medical profession. Dr. Joseph E. Winters, attending physician to the 
Health Department hospitals and one of the most prominent clinicians 
of the period, led a vigorous opposition to the new method of treatment 
in 1895 and 1896. He claimed that diphtheria antitoxin exerted no 
favorable influence whatever upon the course of the disease and that its 
use was productive of immediate danger to life. Such an attack, coming 
from such a source, could not but cause the profession as a whole to hesi- 
tate. The diphtheria bacillus on the one hand and Dr. Winters on the 
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other kept Dr. Biggs very busy. A vigorous debate between Winters 
and Dr. J. W. Brannan before the Academy of Medicine in May resulted 
in an overwhelming display of evidence in favor of antitoxin treatment. 
The American Pediatric Society, a little later, reported conclusive evi- 
dence in its favor and, toward the end of the year, Biggs and Guerard 
presented a paper which closed the debate so far as the thoughtful medi- 
cal public was concerned. By the end of 1896 the two and one-half years 
fight for antitoxin in New York was won. 

This was the second of Biggs’s spectacular triumphs. It is to Pasteur 
and to Koch and their associates in the laboratory that we owe the germ 
theory of disease and the knowledge that disease may be artificially 
controlled by immunological methods. It is to Hermann Biggs that we 
owe the actual application of this knowledge on a practical administra- 
tive scale. He bore the same relationship in this respect to the great 
European scientists that Gorgas bore to Walter Reed in the control of 
yellow fever. 


ADMINISTRATIVE CONTROL OF TUBERCULOSIS 


In these first years of the city laboratory it was natural that the novel 
weapons of bacteriology should be used, first and foremost, to combat such 
spectacular and dramatic foes as cholera and diphtheria. Biggs, how- 
ever, clearly recognized that tuberculosis was a far more deadly and im- 
portant enemy to the human race. He never forgot the first glimpse of 
a possible victory over this dread disease,—brought to him as an under- 
graduate by Koch’s discovery in 1882. 

In the year 1889, before the city laboratory had materialized, Biggs 
and Prudden held the more or less honorary title of pathologists to the 
Health Department. Night after night at 58 East 25th Street, far into 
the small hours, they talked of the hope for mankind implied in the 
demonstration of the contagiousness of consumption. On May 28, 1889, 
they, with Alfred Loomis, submitted to Commissioner Bryant a Report 
on the Prevention of Pulmonary Tuberculosis, which is a document of 
unique historical value. It definitely recognized the communicable and 
preventable nature of the disease, and recommended the inspection of 
cattle, the dissemination of knowledge in regard to the dangers of human 
contact, and the disinfection of premises occupied by tuberculosis pa- 
tients. Dr. Bryant sounded out the medical profession, and found that 
sentiment was distinctly hostile to any vigorous action along such lines, 
but in July the Board of Health issued 4 circular on “‘Rules to be Observed 
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for the Prevention and Spread of Consumption,” which, so far as is 
known, was the first popular leaflet ever issued on tuberculosis. It was 
the beginning of an educational campaign which to-day has spread 
throughout the entire world. 

In the autumn of 1893, the control of diphtheria by cultural diagnosis 
was well under way; and on November 28 Biggs presented a second report 
on tuberculosis, which pointed out that ‘the most common and fatal 
disease which prevails in New York is both communicable and preven- 
table.” He recalls the 1889 report, and continues, ‘“The time, it seems to 
me, has now arrived when it becomes the duty of all sanitary authorities 
to assume a more aggressive attitude toward this, the most widely preva- 
lent and fatal disease to which the human race is subject, and I desire to 
present to the board for its consideration certain suggestions as to definite 
means which should at once be taken to prevent and restrict tuberculosis.” 
To this end he recommended a systematic campaign of popular education, 
the reporting of cases of tuberculosis by public institutions, the assign- 
ment of special inspectors to investigate the disease, to educate affected 
families in its control and management, and to take special measures for 
disinfection, the inception of routine bacteriological examinations for 
diagnosis of the disease, and the provision of proper hospital facilities for 
itscare. On February 13, 1894, this program was adopted in its entirety, 
establishing a complete administrative policy including sputum examina- 
tion, reporting and registration (compulsory by institutions and volun- 
tary by physicians), official supervision of isolation, terminal disinfec- 
tion, provision of hospital facilities, and the education of the public. 

It is difficult for us to-day to realize the opposition to this policy, which 
the London Lancet described as ‘‘a bold experiment in sanitary regula- 
tion.” The Michigan State Board of Health had already passed a vote 
requiring the reporting of tuberculosis to local health officers, and Osler 
in Baltimore made a strong plea in favor of such a policy. In Philadel- 
phia, however, where similar action had been suggested, the College of 
Physicians, with Dr. Weir Mitchell in the chair, requested that no official 
action be taken in the matter by the Board of Health, believing that “the 
attempt to register consumptives and to treat them as the subjects of 
contagious disease would be adding hardship to the lives of these unfortu- 
nates, stamping them as the outcasts of society.”” Dr. Owen J. Wister 
made a vehement plea against the attempt to deal by bacteriological 
methods with “‘a hereditary disease.” 

This was, however, merely the preliminary skirmish before the real 
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battle. Under the regulation of 1893, the reporting of tuberculosis was 
required of institutions but only requested from physicians. Four years 
later, on January 19, 1897, Biggs secured the passage by the Board of 
Health of an ordinance definitely declaring pulmonary tuberculosis to be 
an infectious and communicable disease, dangerous to the public health, 
and requiring its reporting by all physicians. Then the storm broke in 
earnest. The Medical Record declared the step taken to be ‘‘a mistaken, 
untimely, irrational and unwise one.”’ Ina later issue, the Record stated 
that the clinical signs of tuberculosis ‘‘even in the earlier stages are easily 
enough recognized by the merest tyro in auscultation.” The bacteriolog- 
ical examination was declared to be merely confirmatory of what had 
been already discovered. On March 22 the Medical Society of the County 
of New York voted without a dissenting voice “that in the judgment of 
this society the recent edict of the Health Department in relation to the 
compulsory reporting of cases of tuberculosis is unnecessary, inexpedient 
and unwise.” Most astounding of all, perhaps, was the action taken by 
the Academy of Medicine. At its January meeting a special committee 
of eight had been appointed to report on the control of tuberculosis, with 
Janeway as chairman and Prudden as secretary. Yet, even a committee 
officered by two such enlightened leaders of the profession and two such 
close friends of Biggs, reported on March 18 that “‘the Board of Health 
might wisely delay the enforcement of compulsory notification.” Only 
the influence of Janeway and Prudden prevented a far stronger condem- 
nation. The report was adopted, with only Park and two other mem- 
bers of the Academy voting in the negative. The Medical Record con- 
cluded, “It would now appear that the time has come for the Health 
Board to rescind the obnoxious regulation.” 

It was indeed Biggs’s contra mundum so far as the medical profession 
was concerned; yet it does not for a moment seem to have occurred to 
him to bow before this overwhelming onslaught on the part of his profes- 
sional colleagues. He continued, unmoved, on the course which he knew 
was right, and the Board of Health backed him with a courage worthy 
of the highest praise. The County Medical Societies secured the intro- 
duction of bills in the state legislature, rescinding the sections of the char- 
ter of the city of New York which gave to the Health Department its 
authority to deal with tuberculosis as a communicable disease. During 
the legislative sessions of 1898 and 1899 Biggs spent much of the winter 
in Albany fighting these bills and blocking their passage. By 1900 he 
could report that acquiescence in the department policy had gradually 
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replaced active opposition and that “the action of the department has 
been followed by greatly increased interest and knowledge regarding 
tuberculosis, and by the institution of active measures in the state and 
in the city looking toward its care and prevention.” 

Thus ended Biggs’s third campaign,—a campaign which led Dr. 
Linsly Williams, managing director of the National Tuberculosis Asso- 
ciation, to say that Hermann Biggs ‘“‘had done more for the prevention 
and administrative control of tuberculosis than any other man in the 
United States.”’ Robert Koch wrote to Biggs on May 26, 1901, 


I am very much interested in familiarizing myself with the procedures adapted 
in an extraordinarily practical and adequate manner to the control of tuber- 
culosis which you have carried out in New York, since I believe that for us, too, 
the time has come to do something more in the control of this disease than has 
hitherto been possible. Public opinion is now ripe for such action so that the 
opportunity has come to secure the fundamental regulation for compulsory 
notification. In connection with the preparation of a regulation dealing with 
the control of communicable diseases in general, which is now in course, I hope 
to secure the inclusion in this law of the compulsory reporting of such cases of 
pulmonary tuberculosis as are in a communicable state although I am finding a 
strong opposition to such a step. To meet this opposition I wish to cite the 
example of the free American people who have of their own free will accepted 
the limitation of their own liberties in the interest of the public health. 


In the administrative control of tuberculosis, as in that of diphtheria, 
the pioneer work of New York was world-wide in its influence. 


THE NEW PUBLIC HEALTH 


In tracing out the development of Biggs’s policies we see reflected, as 
in a mirror, the broadening conceptions which, step by step, enlarged 
the public-health program to include ever wider and wider fields. The 
analogy of the mirror is, however, a fallacious one, for it was the public- 
health movement which mirrored Hermann Biggs, and not the reverse. 

He began with the rare and unusual diseases, and passed from cholera 
to diphtheria, then to tuberculosis, then to infantile mortality,—as he 
realized that the common, as well as the rare, menaces to human health 
were susceptible of scientific control. He started on conventional lines 
of police power with the isolation of the acutely contagious case, and, 
step by step, he visualized a wider type of activity in which every resource 
of medical science should be utilized in the prevention of preventable 
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disease. In an address delivered before the British Medical Association 
at its Montreal meeting in 1897, he reviewed the progress made in New 
York and added the following pregnant sentences: 


The duties of sanitary authorities relating to the infectious diseases are gener- 
ally regarded as limited to the inspection of reported cases of only a few of the 
infectious diseases, their removal to hospitals when required and the subsequent 
proper disinfection of the premises. 

In times of emergency, as in the presence of serious epidemics, more comprehen- 
sive and stringent measures are considered justifiable; but it has not been 
generally regarded as necessary or desirable that municipal sanitary.authorities 
should furnish opportunities for, or assistance in, the diagnosis of infectious dis- 
eases, should conduct experimental investigations into their causes, should 
assist in the treatment in any way of cases outside the hospitals; or otherwise 
concern themselves with these matters. It has seemed to us in New York City, 
however, that everything connected with the infectious diseases in every form 
came properly within the scope of the Department’s work. 


He continues, 


The government of the United States is democratic, but the sanitary measures 
adopted are sometimes autocratic, and the functions performed by sanitary 
authorities paternal in character. We are prepared, when necessary, to intro- 
duce and enforce, and the people are ready to accept, measures which might 
seem radical and arbitrary, if they were not plainly designed for the public 
good, and evidently beneficent in their effects. Even among the most ignorant 
of our foreign-born population, few or no indications of resentment are 
exhibited to the exercise of arbitrary powers in sanitary matters. The public 
press will approve, the people are prepared to support, and the courts sustain, 
any intelligent procedures which are evidently directed to the preservation of 
the public health. . . . . It is, therefore, possible to adopt measures more 
arbitrary in many respects than could be adopted in most other countries, sim- 
ply because our government is democratic. 

This gives the key-note to the attitude of the sanitary authorities of New York. 
The most autocratic powers, capable of the broadest construction, are given to 
them under the law. Everything which is detrimental to health or dangerous 
to life, under the freest interpretation, is regarded as coming within the province 
of the Health Department. So broad is the construction of the law that every- 
thing which improperly or unnecessarily interferes with the comfort or enjoy- 
ment of life, as well as those things which are, strictly speaking, detrimental 
to health or dangerous to life, may become the subject of action on the part of 
the Board of Health. It attempts not only to increase the healthfulness of 
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the city, but also to render it a more enjoyable and more comfortable place to 
livein. Inits relation to the medical profession it aims to give every assistance 
which the latest scientific investigations can place within its power, in the 
treatment and management of communicable and infectious diseases, while not 
interfering in any way with the privileges or prerogatives of the medical atten- 
dant, unless such interference becomes necessary for the protection of other 
persons from tbe possibility of infection. 


This wider conception of the public-health program became a practical 
possibility in the year 1902. The reform campaign of 1901 had resulted 
in the election of Seth Low as mayor, and almost immediately after the 
polls had closed he urged Biggs to accept the Commissionership of 
Health. Dr. Biggs had, at this time, a young family to support, and he 
had already received warning that his health could no longer stand the 
unlimited strain to which he had been in the habit of subjecting it. To 
undertake the responsibility of full administrative authority was out of 
the question and, after several interviews, the commissionership was 
definitely declined. Fortunately, a way was found to retain Dr. Biggs’s 
services in the development of the department by his appointment as 
“‘General Medical Officer,” a position which was largely free from admin- 
istrative routine, but which involved the formulation of all the broader 
policies of the department. In this capacity he served for twelve years, 
under Lederle, under Darlington, and under Lederle again, always behind 
the scenes as the real directing force, outlining and guiding the progress 
of the work. Nothing of importance was done without his approval, 
and little was done without his actual initiative. The New York City 
Health Department from 1902 to 1913 was in large measure the con- 
crete expression of the mind of Hermann Biggs, and the history of its 
development is the history of the progress of his sanitary statesmanship. 

Time will suffice only for the briefest mention of the pioneer achieve- 
ments of the New York Health Department during this period; but, even 
to list them, is to give a conspectus of the progress of public health during 
the first decade of the present century. 

In the field of tuberculosis, for example, the first public-health nurses 
ever employed in the systematic control of this disease were added to the 
staff of the New York City Department on March 1, 1903. In the same 
year a special hospital for tuberculosis was opened at Riverside on North 
Brother Island, a step which marked the divorce of the care of tuberculo- 
sis under a municipal health authority from the domain of publiccharity. 
A year later, there was opened under Biggs’s leadership, with John S. 
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Billings, Jr., and S. Adolphus Knopf as associate directors, the first 
municipal tuberculosis clinic in the United States. In the next year, 1905, 
Biggs’s long struggle for adequate institutional care of tuberculosis 
culminated in the purchase of 1200 acres of land at Otisville for the pio- 
neer municipal tuberculosis sanatorium in this country. It had taken 
years to convince the public authorities of theneed for such an institution, 
and more years to overcome the hysterical protests of land owners in 
the vicinity of every proposed location. Even after the Otisville site had 
been secured the health authorities of Jersey City addressed a communi- 
cation to the officials of the Erie Railroad (over which patients would 
travel to Otisville), demanding that steps be taken to protect passengers 
from the contamination to which they might be exposed. Dr. Biggs 
dryly remarked in a letter to the Jersey City Health Commissioners, “TI 
think that your board may rest assured that, as most of the advanced 
work in dealing with the administrative control of tuberculosis has orig- 
inated in New York, there will be no occasion for complaint in dealing 
with this problem.” It wasin 1909, and under private auspices, although 
again on the instigation of Hermann Biggs, that the preventorium at 
Lakehurst, New Jersey, completed the scheme of institutional facilities 
for dealing with this disease. 

In the field of school health New York City played a similar pioneer 
réle. The first school nurses in the United States were employed by the 
Department of Health in 1902, on the initiative of Miss Lillian D. Wald. 
In 1905 the system of school medical inspection (hitherto limited to com- 
municable conditions) was so broadened as to include the examination of 
children for noncontagious physical defects,—a step of far-reaching im- 
portance in the process of enlarging the function of the Health Depart- 
ment from the control of epidemic disease to the promotion of health in 
its widest aspects. In 1903 the summer corps of physicians, who had 
devoted themselves to caring for sick babies during the summer months, 
was reorganized, to provide as systematically as possible for instructive 
visits to every home where a birth had occurred during the year. In 
1908 the program for the protection of infants and of school children 
was reorganized under Dr. S. Josephine Baker as a Division of Child 
Hygiene, “‘the first organization established under municipal control to 
deal with the health of children from birth to legal working age, so far as 
a municipal health department may regulate and control the conditions 
of child life and health.” 

Finally, as the last of his major contributions to the public-health 
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program under the auspices of the New York City Health Department, 
Biggs launched, in 1912, the first organized municipal program for the 
control of venereal disease. A special pavilion at Riverside was set apart 
for the care of venereal cases in the fall of 1911, and in February, 1912, 
laboratory diagnostic facilities for syphilis and gonorrhoea were provided 
by the city laboratory. On May 1, 1912, all public institutions were 
required, and private physicians were requested, to report cases of vene- 
real disease. 

This new advance in health-department procedure had been taken only 
after some three years of informal preliminary discussion and with the 
approval of the Medical Advisory Board of the Department. Yet there 
was a storm of opposition, which Biggs states in one place was more se- 
rious than that which had characterized the conflict over tuberculosis 
twenty years before. ‘The ten year long opposition to the reporting of 
tuberculosis will doubtless appear as a mild breeze compared with the 
storm of protest against the sanitary surveillance of venereal diseases.” 
Some of the larger public institutions failed to comply with the ordinance, 
either because they were not in sympathy with its purpose or had not 
sufficient clerical help to carry out its provisions. The medical boards of 
three large hospitals appointed committees to protest to the mayor. 
Although the Board of Health found that “‘with perhaps one or two 
exceptions the public clinics and dispensaries in this city did not regularly 
follow modern methods for the diagnosis and treatment of syphilis,” 
and wished to establish a clinic for diagnosis and treatment with salvar- 
san, this step was.disapproved by the Committee on Budgets and 
Hospitals of the Academy of Medicine, a purely diagnostic clinic being 
opened in July, 1912. 

According to the Monthly Bulletin of the Department for June, 1913, 


Opposition, both outspoken and veiled, has met the Department’s policy from 
the very first. This was expected and even the present degree of success is 
encouraging. The Board of Health is relying on the inherent reasonableness of 
its purpose and upon broadening ideas among the profession and public, rather 
than upon its great reserve of legal power, to compel compliance with the new 
regulations, and believes that the battle will be eventually won as surely as it 
was in the case of tuberculosis. 


This prediction as we are aware has been fully realized. The control of 
venereal diseases is to-day everywhere recognized as a fundamental duty 
of the health department; and, as in the case of tuberculosis, we have 
already clear signs that the program is bearing fruit. 
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THE MOBILIZATION OF THE COMMUNITY FOR THE PUBLIC-HEALTH 
CAMPAIGN 


We have seen Biggs as a leader in the application of laboratory science 
to the public health and in the formulation on the basis of this science 
of comprehensive programs for the control of communicable disease. 
In his dealing with tuberculosis and the diseases of infancy and the health 
of school children, we have seen him as a pioneer in the upbuilding of 
public-health nursing service and clinic and hospital facilities for the early 
detection and removal of remediable defects of both contagious and 
noncontagious origin. For the completion of the modern public-health 
program, a third step was necessary,—the development of comprehensive 
means for enlisting the individual citizen as an active agent in his own 
defense. ‘Twenty-five years ago medicine was an affair for medical men, 
still hedged about with the ritual of an almost magical art. Up to 1900 
the war against disease, like the wars between nations up to 1914, was a 
business for the professional. ‘To-day it is recognized that both types of 
warfare must be carried on by a whole people. 

During his entire public career Biggs had shown a keen sense of the 
importance of public-health education. We have noted the first leaflet 
of instructions in regard to the care of consumption issued to the public 
in 1889, and the emphasis laid in the tuberculosis program of 1894 on the 
importance of ‘an educational campaign through the use of specially 
prepared circulars of information designed to reach different classes of the 
population (one of which was printed in many different languages) and 
also the utilization of the public press and lectures for the dissemination 
of popular information.” We have seen, too, how consistently and effec- 
tively Biggs had used the public press in forwarding his programs for the 
control of diphtheria and tuberculosis and in mobilizing popular support 
for the work of the health department. 

Shortly after the beginning of this century it began to be clear that 
something more than sporadic individual participation was called for, if 
the campaign against tuberculosis was to be made really effective. Dr. 
Lawrence F. Flick had, indeed, organized in Pennsylvania the first society 
for the prevention of tuberculosis in 1892. In 1901 a state society was 
formed in Ohio; and in January, 1902, the Committee for the Prevention 
of Tuberculosis of the Charity Organization Society of New York (now 
the New York Tuberculosis and Health Association) was established. 
Dr. S. A. Knopf prepared the original call for the formation of this com- 
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mittee, and Biggs was the first to sign it. So timely was the appeal that 
within two weeks $5000 was raised, mainly through small gifts, for the 
work of this committee. Two years later, at a meeting in Philadelphia 
under the presidency of Osler, it was resolved to organize for a movement 
on a national scale and the National Association for the Study and Pre- 
vention of Tuberculosis was finally created at Atlantic City on June 6, 
1904, with Trudeau as its first president and Osler and Biggs as vice- 
presidents. In the next year Biggs succeeded Trudeau as president, serv- 
ing in that capacity in 1905 and 1906. 

Theresults of this bold and far-seeing movement are familiar to us all. 
Our nation-wide program of tuberculosis control has attained its success 
in large measure through the work of the National Tuberculosis Associa- 
tion, and of its constitutent and affiliated organizations, such as the 
Committee on Tuberculosis of the New York State Charities Aid Asso- 
ciation organized in 1907, again with Biggs as one of its most active 
members. 

The work of these pioneers in the tuberculosis field set in motion forces 
which have revolutionized every branch of the pubic-health movement. 
The dominant motive in the present-day health program is the organized 
education of the individual in the practices of personal hygiene. The 
idea has spread with transforming magic, as shown by the organization 
of the Society for Sanitary and Moral Prophylaxis in 1905, the Associa- 
tion for the Prevention of Infant Mortality and the National Committee 
for Mental Hygiene in 1909, the American Society for the Control of 
Cancer in 1913, and the National Health Councilin 1920. The discovery 
of popular education and community organization as instrumental agencies 
in preventive medicine has proved almost as far-reaching in its results as 
the discovery of the germ theory of disease thirty years before. 


THE REORGANIZATION OF THE NEW YORK STATE HEALTH DEPARTMENT 


In the fall of 1913 Dr. Biggs finally felt that the pressure of other duties 
compelled him to resign his position as Chief Medical Officer of the New 
York City Department of Health, and he terminated a service to the city 
extending over a period of twenty-six years. He left the New York City 
Department, as the fruit of his labors, in a position of unquestioned 
leadership throughout the world. 

Any hopes which Biggs may have entertained of well-earned leisure 
were, however, quickly dissipated, for developments were meanwhile 
under way which called him with irresistible force to public service in an 
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even wider field. In the fall of 1912, the first Woodrow Wilson triumph 
carried into office as governor of New York a strange and erratic individ- 
ual by the name of William Sulzer. He had a political and a personal 
record which was shortly to prove his undoing. He displayed traits of 
the demagogue, but of a demagogue with a real desire to render public 
service and with a real vision, along certain lines, of what public service 
might mean. Homer Folks, secretary of the State Charities Aid Asso- 
ciation, engineered an appeal to Sulzer’s ambition which led to the appoint- 
ment on January 10, 1913, of a special commission to suggest a reorgani- 
zation of the laws and administration of the state in relation to public 
health. Biggs was appointed chairman and Folks secretary of this com- 
mission, and by February 15 the commission was ready to present an 
epoch-making report. The program recommended involved three major 
reforms. It provided, first of all, for a public-health council, without 
executive or administrative powers, but with the duty of enacting and 
amending a sanitary code, which would have the force of law throughout 
thestate. It provided for a Commissioner of Health, with a salary which 
at that time was a generous one, and for a department with nine adminis- 
trative divisions, including child hygiene, public-health nursing, and 
tuberculosis. The broadening scope which these new divisions involved 
marks all the difference between the public-health program of the nine- 
teenth and that of the twentieth century. Finally, the law provided for 
direct control along certain lines of local health work by the state organi- 
zation. The state was divided into twenty sanitary districts, for each of 
which a sanitary supervisor was to be appointed, responsible to the state 
Commissioner for the general supervision of the work of the local health 
officers of his district. This report undoubtedly marked the most impor- 
tant landmark in the history of state health administration in the United 
States since the creation of the first state health department in Massa- 
chusetts in 1869. 

Even before the bill based on this Commission’s recommendation was 
enacted into law on May 17, Sulzer was pressing Biggs to assume the 
commissionership, an honor which he felt forced after mature considera- 
tion to refuse. He went to Europe that summer in the hope that his 
impending resignation from the city health department would give him at 
last the leisure earned by a quarter of a century of service. Biggs 
returned, however, in the fall to find that a serious crisis had occurred. 
Sulzer had been impeached and removed from office, and his successor, 
Governor Glynn, was even more insistent that Biggs should assume the 
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responsibility for the carrying out of the program he had planned. 
It was made clear to him that the entire project would be shipwrecked if 
he could not take the helm, and on January 1, 1914, Biggs became State 
Commissioner of Health under the new law. 

An administrative staff of extraordinary calibre was organized, with 
Linsly R. Williams as deputy commissioner and director of administra- 
tion, A. B. Wadsworth as director of laboratories, H. L. K. Shaw of 
Albany as director of child hygiene, and Cressy L. Wilbur of the Federal 
Census Bureau as director of vital statistics. As in New York City, 
Biggs’s quiet enthusiasm, his practical wisdom combined with unflinch- 
ing courage, and his rigorous standards of attainment for himself and 
others, inspired his colleagues to their utmost endeavor. By 1915 a 
state-wide campaign for the promotion of child hygiene had obtained 
substantial proportions. Sixteen new infant-welfare stations and over 
two hundred Little Mothers’ Leagues were organized as the result of 
Dr. Shaw’s efforts. In 1916 a new laboratory was provided for Dr. 
Wadsworth, which has been built up into a model for the public-health 
laboratories of the country, second only in value as a centre of research 
to the laboratory of Dr. Park in New York City. With the constant aid 
of the State Charities Aid Association a comprehensive program of tuber- 
culosis control was developed along state-wide lines. The division of 
public-health nursing was so successful as a stimulating influence that in 
the five years between 1914 and 1919 the number of public-health nurses 
in service in the state outside of New York City increased from one hun- 
dred to nearly one thousand. Public-health instruction was carried 
forward on an unprecedented scale, and exhibits, lectures, radio health 
talks, and newspaper health service carried the gospel of prevention to 
every home in the state. Under Dr. Biggs’s guiding hand the state 
department at Albany moved into a position of leadership almost as 
unique as that which the city department had occupied for twenty-five 
years. The Public Health Council under his chairmanship issued a 
Sanitary Code which has formed a model for health legislation everywhere 
in the United States. 


MEDICAL SERVICE FOR RURAL DISTRICTS 


I have dwelt very briefly on the remodelling of the State Department of 
Health at Albany, because this reorganization involved in the main the 
administrative application of policies already worked out in New York 
City, rather than the inception of new lines of action. Nor will time here 
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permit extended reference to the application of the American public- 
health program by Biggs in the foreign field. Through Dr. Biggs’s 
mission to France in 1917, which resulted in the magnificent work of the 
Rockefeller Foundation in that country, through his membership on the 
International Health Board from 1918, and through his directing influ- 
ence in the organization and reorganization of the League of Red Cross 
Societies at Geneva, in 1919 and 1920, his influence became world-wide. 

The development of a magnificent laboratory at Albany, the initiation 
of state-wide programs for tuberculosis control, for infant welfare, for 
venereal disease control, and for popular health instruction, were, after 
all, merely replicas on another scale of the work done in New York City 
between 1890 and 1913. The promotion of health in rural New York, 
however, brought Dr. Biggs face to face with an essentially new problem, 
and a solution of this problem was his last major heritage to the cause of 
social progress. | 

This was nothing less than the entire question of the cost and adequacy 
of medical service. At least as early as his keynote editorial in the 
Monthly Bulletin of the New York City Department of Health for October, 
1911, Biggs clearly and definitely claimed cancer and diseases of the 
heart, arteries and kidneys as among the preventable maladies with which 
the health officer of the future must deal. The control of such constitu- 
tional disorders involves not only education of the public in the broad 
generalities of personal hygiene but also the teaching of the particular 
kind of personal hygiene which a given individual should practise, in view 
of the specific limitations of his own bodily machine. It depends, there- 
fore, on a preliminary medical diagnosis of those limitations, and thus 
brings up the problem of so organizing medical service that the physician 
may be used more and more as a hygienic advisor, and less and less as a 
“repair-man” after the damage is done. Such a line of reasoning leads 
almost inevitably to a breakdown of the ancient but artificial barrier 
between public preventive medicine and private curative medicine. It 
brings forward the whole question of the adequacy of medical services 
for the consideration of the health administrator. 

Experience in New York State soon revealed the fact that medical 
service in the rural districts was inadequate, not only for prevention but 
even for the routine care of existing maladies. The poliomyelitis epi- 
demic of 1916 compelled Biggs to establish travelling clinics for the after- 
care of the victims of this disease. The influenza epidemic two years 
later brought to light far more widespread deficiences in rural medical 
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service. In 1920, therefore, Biggs met the situation with the same vigor 
which he had shown in attacking the strongholds of tuberculosis thirty 
years before. He persuaded the public-health council to introduce a bill 
which would authorize the establishment of health centres and would 
supply stateaid forthe maintenance of suchcentres. The proposed health 
centres would “‘provide for the residents of rural districts, for industrial 
workers, and all others in need of such service, scientific medical and 
surgical treatment, hospital and dispensary facilities, and nursing care, 
at a cost within their means, or, if necessary, free.” They were to 
include facilities for accurate diagnosis by consulting specialists, clinical, 
bacteriological and chemical laboratory service, and X-ray facilities. 
They were to encourageand provide facilities for an annual medical exam- 
ination, and they were to aid in securing an adequate school medical 
inspection and a public-health nursing service adapted to, and adequate 
for, the community served. 

To those familiar with the difficulties surrounding this problem the 
boldness of this plan is little less than astounding. It aimed to solve 
at one blow some of the gravest problems which are recognized by all 
thoughtful medical men and health workers as demanding solution,—if 
medical science is to be made really effective as a preventive agent for all 
classes in the community, and for all geographical areas. It was, how- 
ever, far ahead of public opinion and particularly of medical opinion, in 
New York State in 1920. Chiefly through the opposition of the medical 
profession, the health-centre bill failed of passage in 1920 and again in 
1921. 

In 1923, with his usual persistence, Dr. Biggs returned to the attack. 
Governor Alfred E. Smith was again in office at Albany, which meant that 
the health department could count on intelligent comprehension of all its 
plans and vigorous support in their execution. In February Governor 
Smith sought the advice of leading members of the medical profession, 
and this conference resulted “in a general advance in the understanding 
of the problem and in a constructive report from the committee appointed 
at the conference.” Taking up the subject in a special message to the 
Legislature on April 11, 1923, the Governor advocated more community 
hospitals as one step in ameliorating present conditions, and suggested 
legislation providing that when any county containing no first- or second- 
class city should undertake a new public-health project and make an 
appropriation therefor, either for small hospitals in rural districts or for 
public-health activities of any other kind, the State should appropriate 
a similar amount, dollar for dollar. 
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The very short bill, which finally became law on May 22, 1923, pro- 
vided that any county not having within its boundaries a city of the first 
or second class could appropriate and expend moneys “for the construc- 
tion, establishment, or maintenance by such county, of a county, 
community, or other public hospital, clinic, dispensary, or similar insti- 
tution, or for the purpose of defraying expenses of such county in any 
public enterprise or activity for the improvement of the public health,”’ 
and that a county so appropriating money should receive state aid forany 
such project approved by the State Commissioner of Health to the 
amount of fifty per cent of its total cost. 

There is no mention of the word “‘health centre” here and no challeng- 
ing preamble setting forth in detail just what is contemplated; but, as a 
matter of fact, this act makes possible every one of the purposes outlined 
in the memorandum of 1920,—with the single exception that the program 
is set up on a purely county basis, while the original act had provided 
also for the creation of health districts within a county which could 
develop their own activities supported by assessments levied on that part 
of the population of the county served. This was, of course, an important 
departure from the original plan, since it makes it necessary to educate a 
larger political unit before securing action. Nevertheless, the major part 
of the objectives of the three years’ campaign were here attained. The 
law of 1923 recognized the two fundamentals which must dominate the 
development of public-health policy during the coming years,—first, 
_ that the provision of adequate facilities for medical care forms an essential 
element in any scheme of community-health protection, and, second, that 
rural communities cannot possibly secure such facilities without financial 
assistance from the state. 

Actual progress under the New York law of 1923 has not as yet been 
far-reaching; but, to the writer, this law seems perhaps Biggs’s greatest 
contribution to the statesmanship of American public health,—a con- 
tribution whose full significance will be more and more completely appre- 
ciated with the passage of the years. It iscertainthat themajorproblem 
now before us is the organization of medical service so that such service 
may be available in all areas and to all classes of the community, and 
under such conditions that the medical profession shall be adequately 
remunerated and fully protected againt any invasion of personal rights 
or any lowering of professional standards. The problem is one of extra- 
ordinary difficulty, but the recent organization of the Committee on the 
Cost of Medical Care is an evidence that the profession and the public 
are willing to join in an earnest effort to find its solution. What the 
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best answer may be, no one can say; but the New York law for state aid to 
rural districts is the bravest attempt at a solution of the problem which 
has yet been made in the United States. 


CONCLUSION 


Under the guiding leadership of Hermann Biggs we have seen the pub- 
lic-health movement develop from the stage of empirical environmental 
sanitation to the effective control of communicable disease, through the 
employment of exact bacteriological methods and the miraculous appli- 
cations of vaccines and sera to the prevention and the treatment of 
disease. We have seen it move on, to include, not only the acute con- 
tagia, but tuberculosis in its scope. We have seen it march forward to 
achieve new triumphs in the field of infantile mortality and the protection 
of the health of the school-child. We have seen national programs evolve 
for the eradication of the venereal diseases, and we are witnessing the 
extension of similar principles to the outstanding present-day factors 
in the death-rate,—diseases of the heart and arteries, and cancer. We 
have seen the conception of the health program pass from the phase of 
police regulation to that of popular health instruction and the provision 
of direct clinic and nursing service. We have seen whole populations 
mobilized for the great war against preventable disease. 

There are few more significant social tendenciesin modern life than those 
which have manifested themselves in this field. They signify, as young 
Hermann Biggs pointed out in his graduation thesis, that mankind has at 
last realized the possibility of controlling its own destiny and that, 
to gain such control, codrdinated effort on the part of public authorities, 
the medical profession, and the general public is essential. 

The results achieved have been striking and spectacular. In New 
York City, the death-rate fell from 22.3 in 1893-1897 to 12.2 in 1923- 
1927. In the rest of the state it decreased from 16.3 to 13.5 within the 
same period. If we could translate these cold figures into terms of 
individual human experience we should realize what a miracle our age 
has witnessed. In the old Norse mythology a Valkyrie hovered over 
each doomed hero on the battle-field, waiting to carry his soul to Valhalla. 
They were “the choosers of the slain,” and the flicker of the aurora was 
caused by the flashing of their armor. On the streets of every city there 
walk thousands, over whom the angels of death might have been seen to 
hover and from whom they were forced to take their flight, as the menace 
of premature death was removed by the beneficent progress of the public- 
health campaign. 
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The molding of this program in New York City and New York State 
has been chiefly the work of the man in whose memory this lectureship 
was founded, and what he did here has served as a model throughout the 
United States and in large measure throughout the world. As Homer 
Folks has said: 


Wherever a nurse goes in this great State of New York into a home to take 
a message of comfort or of enlightenment, or of life saving, there goes and 
there works Dr. Biggs. Wherever a physician does his work better than he 
would have done in the older days, there goes and works Dr. Biggs. Wherever, 
even the family, the parents and children, grow up in security to enjoy each 
other and to enjoy life and to realize its opportunities in greater security than 
they would have done, there lives and there works the influence of Dr. Biggs. 
We would have to have the imagination to see all the people of the city and to 
go into all of its homes, and see all of its classes, and get all shades of opinion, 
and economic status to realize fully, even to realize in some slight degree, the 
meaning of that great, burning zeal, and that clear-sighted vision which used 
every means and every resource, and every opportunity to push forward his 
great plans for making human life safer, and more secure, happier and more 
effective. We should have to go far beyond the city. We should have to enter 
into the lives of every family over all the broad spaces of this great State of 
New York and even then we should not have really encompassed the meaning 
of this great personality in the work that he did in his relatively few years. 


The reduction in the death-rate which took place in New York state be- 
tween 1900 and 1925 is equivalent to the saving of 74,000 lives every year, 
and this gain is not for one year only, but continues and increases with 
every passing twelvemonth. Few of those who live as a result of this 
movement will ever think to whom they owe their health and happiness; 
but to us,—who do know,—Hermann Biggs and his colleagues and 
associates stand forth among the great benefactors of the human race. 

Hermann Biggs’s work must goon. The future holds new challenges 
for men of intellect and heart and vision. Pneumonia remains to be 
overcome; influenza, infantile paralysis, cancer, the great unexplored 
field of mental hygiene,—open to us new unconquered countries. The 
whole problem of organization of community medical service requires 
statesmanship of the highest order. We need more leaders like the one 
whom we commemorate to-night. The best of all tributes to his service 
will be the enlistment under the same banner of young soldiers of the 
public health who can realize, as he realized, that by the application of 
modern science preventable disease can be banished from this earth. 
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EMOTION AND TUBERCULOSIS 


RAY MARS SIMPSON! 


In October, 1927, psychologists from various parts of the world were 
called together on the occasion of the inauguration of the new psychologi- 
cal laboratory at Wittenberg College in Ohio. This eminent group of 
scholars spent five days discussing feelings and emotions. They em- 
phasized many facts which could be used to advantage by all those 
suffering from tuberculosis. Many of their opinions are presented in 
this article. Numerous attempts have been made to measure emotional] 
changes in the body. At the present time our techniques for measuring 
or defining each particular emotion are sadly inadequate. Hence we are 
forced to deal with a variety of changes under the collective term Emo- 
tion. Mental changes and bodily changes undoubtedly are present 
during emotional stress. We are primarily concerned with the question: 
Are emotional changes beneficial or harmful? But first of all we should 
ask ourselves: 


WHAT IS EMOTION? 


Professor Woodworth of Columbia University states in his text on 
psychology that an ‘Emotion is a conscious stirred-up state of the or- 
ganism.”” Professor Carr of the University of Chicago defines an emo- 
tion as a chaotic bodily (somatic) disturbance. It is a bodily readjust- 
ment. We make many adjustments every day. Most adjustments are 
entirely independent of emotion. When the doctor first informs a per- 
son that he has tuberculosis it is generally difficult for the latter to be 
orderly and composed. When the patient enters the sanatorium he is 
forced by necessity to adjust himself to a new routine of living. If he 
succeeds in adjusting by well-codrdinated and orderly movements he is 
likely to recover. William James based his theory of emotion upon the 
“overflow” phenomenon. He held that bodily shock or explosion is 
followed by an emotion. This view of emotion is known as the James- 
Lange theory. For many years psychologists have been arguing about 


1 Chicago, Illinois. Formerly Head of the Department of Psychology, State Teachers 
College, Charleston, Illinois. 
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it. Do you see a bear, get scared, and run, or do you see the bear, run, 
and get scared? For all practical purposes one belief is just as good as 
another. 

However, we are opposed to the James-Lange theory. We are con- 
fident of one outstanding characteristic in our definition of emotion, 
namely, that it is marked by its unadaptive explosive nature. Professor 
Kantor (Indiana University) lends further emphasis to this view. He 
says, “It is this disruptive chaos which definitely distinguishes the milder 
emotional activities from the numerous classes of affective or feeling 
behavior to which they otherwise display a striking resemblance.” 
Bekhterev (Leningrad University) defines an emotion as a “somato- 
mimetic reflex.”” Stated more simply, this means that an emotion is an 
“internal-external bodily adjustment.” Movement and change are 
stressed by this famous Russian scholar. Many years ago Kant called 
attention to the suddenness of change as the distinctive mark of an 
emotion. 


ARE EMOTIONS USEFUL? 


There is some disagreement among psychologists on this question. 
The majority seem to agree that emotions are not useful. I am of the 
opinion that emotions are distinctly harmful to those suffering with 
tuberculosis. We must be careful here to distinguish between instincts, 
feelings and emotions. ‘Feelings are useful in our conduct while emo- 
tions serve no purpose,’’ says Professor Claparéde of the University 
of Geneva, Switzerland. He states further: “The uselessness, or even 
the harmfulness of emotion, is known to every one. Here is an individ- 
ual who would cross a street; if he is afraid of automobiles, he loses his 
composure and isrun over. Sorrow, joy, anger, by enfeebling attention 
or judgment, often make us commit regrettable acts. In brief, the in- 
dividual in the grip of an emotion ‘loses his head.’”” Janet (University of 
Paris) believes that all emotions are morbid and partly pathological. 
He finds all emotions very exhausting. Fear is characterized by flight 
from a situation. Unfortunately tuberculosis patients cannot flee from 
their disease. Some are scared into the grave. Some try to cast off 
the tubercle bacilli by fighting with their family, the nurses or the doctor. 
When patients cannot do as they please emotions arise. Emotional 
responses are aroused by blocking behavior. Forcing patients to stay 
in bed frequently produces a mild emotion marked by restlessness. The 
successful cure depends upon the ability to adjust. 
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Tears serve no more useful purpose than washing the eyeball and 
allowing the emotion to flow out. Al Jolson can move audiences to 
tears singing ‘Sonny Boy” in his masterpiece, The Singing Fool. Of 
what value are these tears? What useful purpose do they serve? Good 
entertainment, which gives pleasurable feelings of well-being and satis- 
faction, are useful, but emotional “explosions” are a waste of energy. 
It is true that there must be some outlet for emotional states. It is 
much better to let the emotions express themselves outwardly than in- 
wardly. If they find no outward expression they are likely to “backfire”’ 
into the internal mechanism of digestion, glandular organs of internal 
secretion, the sympathetic nervous system, or other vital bodily processes, 
and cause more serious organic disturbance. The essential thing here is 
to check the emotion before it starts. In this article I am attempting 
to set the general facts of emotional behavior before my readers in order 
that they may use the information in their fight to regain health. My 
own experience in overcoming a far-advanced case of active pulmonary 
tuberculosis affords a practical background for my remarks. Construc- 
tive thinking is an aid to health. 

Dr. Alfred Adler of Vienna shows that neurotic individuals use their 
emotionsasa meanstoanend. “Anger isa means to overcome a person 
or a situation.” He claims that we are all seeking superiority. In 
order to secure this power over other individuals, “all neurotic patients 
exclude all the parts of life in which they do not feel well and strong 
enough to be the conqueror.” It is quite evident that emotional out- 
bursts of cranky neurotics generally fall short of their purpose. Hysteria 
is frequently simulated in order to gain temporary consideration. 
Tubercle bacilli thrive on emotional excitement. Excitement churns 
the tissues of the lung. To control tuberculosis we must first control 
our emotions. 

Piéron of the University of Paris regards “‘affection” as a sort of gover- 
nor which controls the impulses which pass over our nerves. He regards 
an emotion as a useless overflow of nervous energy. Some claim that 
violent emotions facilitate motor execution and reinforce the memory. 
They hold that this excessive discharge of nervous energy is favorable 
for the protection of the individual. “But there is another side of the 
story,” says Piéron, ‘These exceptional expenditures are followed by 
an exhaustion which demands a long period of recuperation and may have 
pathological consequences, especially when emotions are frequently 
repeated.” Frequently we hear the assertion that an “angry man van- 
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quished many enemies, thanks to his ten-times increased strength.” I 
do not believe this is a fact. I have never seen a “mad” man exhibited 
on the stage for his superiority in lifting huge dumb-bells, ponies or 
miniature worlds. Courage and cowardice are two traits of personality 
which play a great part in uneven displays of strength. Many patients 
in sanatoria remind me of Piéron’s illustration of 


a cat in a cage, threatened by a dog, and prey to a violent emotion, although it 
does not need to fight; here is a man prey to a violent anger because he is 
injured in an anonymous letter, although he does not know on whom to lay 
hands. In such cases the expenditures of nervous energy represent a pure 
waste, exhausting for no purpose. The threatened cat mews, hisses, bristles, 
crouches to leap; the injured man cries out, strikes the table, grits his teeth— 
all that in vain. 


Martin and Villanova (1926) report that certain birds, upon being 
handled, die without being wounded. Kittens and rabbits, “kept tied 
for physiological experiments, die without suffering an injury.” Fre- 
quently emotions play the essential pathogenic réle in asthma. This 
point should be noted by all tuberculous individuals. When we have 
an “overflow” of nervous energy, as in emotional states, much of it 
passes over into the vegetative system (growth system). The overflow 
of energy sets up excitations in the sympathetic and parasympathetic 
nerves. These nervous impulses produce disturbances in heart-rate, 
breathing, tonus of the smooth muscles, and the secretory activity of the 
glands, and alter the state of the blood-vessels. We have mentioned 
above that such dissipation of energy frequently results in death in 
kittens and rabbits placed in the terrifying atmosphere of our laboratories. 
When I entered the hospital it seemed as if it were the slaughter-house of 
society. Many patients, like the rabbits and kittens, allow excitement 
to crowd them into their grave long before their alloted time. 

Emotion may produce fainting due to the effect of excessive inhibitory 
action of the vagus nerve upon the heart or by cerebral vasoconstriction. 
_ Professor Howard of Northwestern University has reached the con- 

clusion that emotions “have absolutely no value at all, but represent 
a defect in human nature. . . . An emotional disturbance after all is 
just a break-down of personality.” 

Cannon, Washburn, Pascal, and Davesne offer facts which support 
the belief that nonadaptive external movements are useful as outlets 
to prevent the emotional overflow of nervous energy into the internal 
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organs of the body (viscera). If we do not work off the effects of emo- 
tion and pain the excessive amounts of adrenin and sugar in the blood 
may have pathological effects (Cannon). Since the tuberculosis patient 
is confined to his bed in taking the rest-cure he is in no position to work 
off any excess emotional energy. Furthermore, he should carefully 
avoid any emotional states which would cause nonadaptive movements 
of any sort. When the disease becomes “arrested,” a light form of 
occupational therapy, such as making beaded bags, leather novelties 
and wicker-work, might be used to advantage in taking care of the 
flairs of restlessness which frequently arise. 

Before leaving this matter of the uselessness of emotions I wish to 
raise one more point which may seem to contradict the foregoing state- 
ments of fact. Some claim that the state of fear accompanying a 
haemorrhage produces an added amount of adrenin which facilitates 
clotting of the blood. If this is true then certainly emotions may be of 
value. In reading the literature on this point I notice that no particular 
stress is placed upon the influence which adrenin exerts upon clotting. 
At the focus of disease in haemorrhage we have a temporary collapse of 
the blood-vessel which is best maintained by absolute quiet. Any undue 
excitement would serve to agitate the movement of the lung and prevent 
the lesion from healing. The benefits to be derived from freedom from 
excitement seem to be vastly more important than the slight increase in 
clotting of the blood due to the emotional upset. The first advice the 
doctor gave me following haemorrhage was to “keep cool.’’ I certainly 

- would not advocate emotional excitement as a check for haemorrhage. 

Let us now seek to define “feeling.”” Perhaps we can show its rela- 
tionship to emotion to better advantage by means of a brief sketch of 
McDougall’s system of psychology. 


FEELINGS 


Professor William McDougall of Duke University has given us the 
most concise scheme yet devised for distinguishing instincts, emotions 
and feelings from one another. He is the most abused psychologist in 
America to-day because he maintains that there is some vital “purpose” 
back of all our actions. This “purpose” seems to behave as a little “god” 
working in each individual. He, like William James, makes “striving”’ 
the outstanding characteristic of human beings. Striving is bodily 
adjustment! He defines emotion as a specific type of “seeking” by 
means of behavior. Surely every patient suffering with tuberculosis 
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should have the ultimate purpose in mind to get well. We all desire to 
live. This is called the “urge” of self-preservation. McDougall lists 
14 basic instincts (chains of reflexes?). Certain emotional qualities 
accompany each one of these instincts. For example, the instinct of 
self-preservation or escape from danger is accompanied by the emotion of 
fear (terror, fright, alarm, trepidation). We should note carefully that 
according to McDougall each of these emotions is not accompanied by a 
specific feeling. Feeling isa transient guest. The feelings merely desig- 
nate to what extent the emotions are successful or unsuccessful. We 
must be very careful in our thinking here. If we base all pleasantness 
and unpleasantness upon emotions, and the emotion is useless, then it 
would follow that all pleasant and unpleasant feelings are useless. I 
believe we must ask McDougall to alter his scheme in such a manner 
that feelings will qualify all our conscious effort as well as color our emo- 
tional upsets. 

Emotion is quantitative: that is, it might be measured by quarts or 
gallons or “bushels.” We frequently hear children say, “I love you 
bushels.”’ Good common-sense psychology lies back of such remarks. 
Of course, we cannot actually measure emotions in “bushels.” I will 
point out later how emotions can be measured. Feelings, on the other 
hand, are qualities of emotions and thinking in general. The feelings 
are divided into two great classes, namely, pleasantness and unpleasant- 
ness. Feelings are not explosive states. Feelings are not emotions. 
If you are successful in overcoming your fear of tuberculosis the feeling 
of pleasure will emerge. If you fail to quiet the emotion of fear then the 
feeling of despair (unpleasantness) will haunt you. I have oversimplified 
this scheme of McDougall for my readers in order to make it clearer. 
First comes the desire to get well which springs from the innate instinc- 
tive disposition; this is followed by well-regulated adjustments which 
are beneficial or by the “‘upset’’ emotional state marked by poor adjust- 
ment to the situation; then, finally the feeling of confidence or despair 
arises to tell the whole world how well-balanced you are. McDougall 
emphasizes the close relationship existing between instinctive bodily 
dispositions and emotional states. This stress is particularly significant 
in any discussion of the influence which emotions exert in disease. 

From the cradle to the grave man is continually changing. Too 
many patients fixate attention upon their present distress and do not 
inspect the past or contemplate the future with any degree of optimism. 


EMOTION AND TUBERCULOSIS 


PAST, PRESENT AND FUTURE 


At birth the child possesses a complete repertoire of useful chains of 
reflexes. The Bible teaches that man is conceived in sin. Sin is con- 
sidered as a defect which is corrected through acceptance of the Christian 
belief. The poetry of Wordsworth tells us that the little child is in- 
nately good at birth. John Locke taught that the infant comes into the 
world as a blank piece of paper (¢abula rasa). I prefer the opinion of 
Wordsworth. A normal child is both good and perfect. We cannot 
deny that certain emotions are present at birth. Dr. John B. Watson 
found three which are very marked, namely, fear, love and rage. Loud 
sounds and loss of support produce fear. Hampering of bodily move- 
ment arouses rage. Stroking the skin, gentle rocking and patting evoke 
love. These are unlearned responses. But, you may ask, how can a 
child which is perfect at birth be equipped with useless emotions? In 
answer to that question I wish to call your attention to the stimuli which 
produced those emotional states of “upset.” The fault is not in the 
child but in the stimulus. Woodworth identifies and classifies the emo- 
tions in terms of the situations which produce them. An expensive new 
watch will not function well if we allow dust to clog the works. We 
might compare the tubercle bacilli within a human being to the dust 
which clogs the watch. Perhaps the infant uses emotions as distress 
signals to attract the attention of its mother to its needs? Very early 
the infant learns to fool its mother by crying, thereby receiving satisfying 
attentions such as cuddling and petting. Too often the child is “spoiled” 
by the overindulgence of the mother in response to these emotional out- 
bursts. The actual needs of the body are cared for by the instinctive 
urges. Scratching, sneezing, coughing, urination and defecation are 
minor instincts or reflexes. The majority of instincts are undoubtedly 
useful, but the emotional explosions which sometimes accompany them 
are not useful. 

Each person now suffering from tuberculosis was born with a bodily 
mechanism for making adjustments. Since it has been fairly well es- 
tablished that tuberculosis is not inherited, it is fairly evident that no 
tubercle bacilli are present at birth to clog the smooth action of the 
bodily activities essential to life. The stress and strain of competition 
in modern life, coupled with failure to observe the rules of right living, 
lowers our resistance and allows the disease to fasten itself upon us. 
Situations rule us. Situations produce upsets which lower resistance. 
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The sanatorium is a new and novel situation for the great majority of 
tuberculosis patients. It is a unique stimulus to action. The situation 
is not one stimulus but a group of many stimuli. The successful cure 
depends upon how we react and adjust ourselves to this new mode of 
living. ‘The measure of your happiness is the measure of your adjust- 
ment. Happiness is not a patent medicine to cure tuberculosis. Happi- 
ness is primarily a result, but it also reacts upon the organism in a bene- 
ficial manner. If you are able to adjust to the presence of the tubercle 
bacilli, which have called upon you, and can smile at difficulty, you have 
taken a big step forward in the cure. Well-meaning friends may tell 
you to “cheer up.” Such advice is rather empty. If they could tell 
you how to ‘“‘cheer up” it would be of some value. When they tell you 
to ‘‘cheer up” they really mean that you should change your ways of 
thinking and turn your thoughts to new interests. Seek new interests! 
Loud sounds and loss of support are most disconcerting to the child at 
birth as we have noted above. Loud sounds and loss of support are 
also irritating to adults. The loud-speaker of the radio is a chief source 
of annoyance to many. The patient cannot wish away all upsetting 
stimuli. The doctor and attendants must help too. 

Self-control implies a certain amount of intelligence. The ignorant 
have difficulty in making adjustments. Unfortunately in our sanatoria 
we have certain individuals who have very little regard for the comfort of 
others. Their view of liberty does not take into consideration the wel- 
fare of those about them. John Stuart Mill’s famous conception of 
liberty allows people to do as they please as long as they do not interfere 
with the welfare of others. We must find ways and means to reach 
these rampant undesirables who enter our sanatoria. These very symp- 
toms are part of their disease. Wemust help them. Many of this type 
turn out to be good and useful citizens following recovery. Dispositions 
are revamped while taking the rest cure. Broaden your horizon to 
include the past and future. Correct thinking is the key to happiness 
and health. 


MEASURING EMOTION 


As I stated at the outset, we have great difficulty in casting our nets 
about particular kinds of emotion. Many methods have been used to 
study emotional changes by observing breathing, pulse-rate, chemistry 
of the blood, electrical conductivity, and alterations of personality. 
Since “‘every little movement has a meaning all its own,” in the cure of 
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tuberculosis every patient should have some knowledge of the changes 
which emotions produce in our bodies. For example, we might sound an 
automobile klaxon beneath thebed of a patient unexpectedly and observe 
the effects which it produces in the patient. E. B. Skaggs, of the College 
of the City of Detroit has tried this experiment on normal subjects. 
He secured the following results: (1) the breathing-rate was accelerated 
following a momentary checking; (2) a characteristic inspiratory move- 
ment was found; (3) both chest and abdominal breathing-amplitudes 
were increased; (4) the heart-rate was retarded; (5) the heart-beat 
amplitude was increased; (6) steadiness was not affected; (7) imme- 
diately following the noise the breathing-waves became irregular and 
asymmetrical; (8) the subject reported intense but transitory excite- 
ment in addition to jumping. It is evident at once that sudden noises 
are not beneficial to those suffering with tuberculosis. 

E. G. Fleming (1927) had several individuals pass judgment as to the 
personality of various subjects. He next measured the initial resistance 
(in terms of ohms) of the skin to the passage of a current from a single 
dry cell. A galvanometer was used for this purpose. He could pick 
out a person judged to be of a “nervous temperament” or possessing a 
“magnetic personality” in about 65 per cent of the cases. 

Wechsler (1925) found that “individuals tend to react in a specific 
rather than in a general way to emotional situations.’”’ He believes 
that it is not true to speak of a person as emotional or unemotional in- 
asmuch as all people are both. He prefers to denote our emotional 
tendencies separately with respect to specific contexts or situations. In 
1928 Wechsler and Jones proved that certain emotions produce the same 
bodily changes every time they are evoked. ‘They also used the gal- 
vanometer to measure these changes in terms of resistance. They found 
that the amount of electricity passing through the body varied with the 
emotional value of the stimulus. For example, I might give you a page 
of words to read and intersperse a very naughty word at intervals. The 
current of electricity flowing through the body shows marked changes 
when these words are encountered. 

E. Prideau (1922) measured the electrical resistance of persons suffer- 
ing from various types of mental disorders. The more emotional one 
becomes the less resistance he offers to the passage of an electrical current 
through the body, as measured by the galvanometer. Prideau classified 
mental disorders in terms of ohms of resistance as follows: healthy per- 
sons, 100 ohms; anxiety states, 90 ohms; paranoid states, 80 ohms; de- 
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lusional insanity, 71.1 ohms; convulsive hysteria, 36.3 ohms; manic de- 
pressive insanity, 31.8 ohms; epilepsy, 30 ohms; dementia praecox, 27.2 
ohms; secondary dementia, 13.6 ohms; imbeciles, 13.6 ohms; idiots, 6.8 
ohms; general paralysis, 0.0 ohms. These figures show that emotional 
upsets produce characteristic electrical changes in our bodies. Psychol- 
ogists are on the trail of these elusive changes. They are particularly 
important in the lives of those suffering from tuberculosis. 

H. C. Syz (1927) of John Hopkins University used the galvanic reflex 
(electrical-resistance method) and found the following three distinct 
types of personalities: (1) persons not easily stirred up emotionally, 
well balanced; (2) persons emotionally unstable, easily stirred up, emo- 
tionally sensitive; and (3) persons who are restless and apprehensive. 
The first class is marked by low frequency of galvanic responses; the 
second is characterized by maximal frequency; the third produces spon- 
taneous waves in the records of electrical changes. 

Eisei (1927) found that an entrance examination produced a marked 
increase in protein and sugar metabolism in 831 elementary school 
children in Japan. 

Blatz (1925) produced the emotion of fear by means of a falling chair. 
He measured the changes produced in the body by means of the electro- 
cardiograph. His results will give you some conception of what would 
happen to you if you accidentally fell out of bed. Here is his summary: 


The sudden arousal of the emotion of fear, by falling, involves the following 
changes: (I) Heart—(a) an immediate initial acceleration followed by a de- 
cided retardation, then a less marked but more prolonged acceleration phase, 
and finally, a subsequent gradual retardation, (b) an initial augmentation of 
the force of the heart beat which persists with but slight decrement for longer 
than six minutes, and (c) a marked irregularity of the cardiac rhythm. These 
changes were observed in all of the subjects. The degree of the change differed 
with individuals as did the duration of theeffect. (II) Changesin Breathing— 
(a) an immediately retarded rate in 9 out of 11 records, (b) an increase in the 
respiratory index (time of inspiration divided by expiration) in 9 out of 11 
records, and (c) an inspiratory stimulus during falling in all cases. 


This work of Blatz on 7 males and 11 female subjects indicates that the 
tuberculous individual should pay strict attention to all factors which 
give rise to emotional states. 

A quarter of a century ago Wundt, who established the first psycho- 
logical laboratory in Leipzig in 1879, demonstrated the fact that three 
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kinds of change in pulse accompany emotions. He found (1) a “‘length- 
ening of the pulse curve when the feelings are pleasurable, and a shorten- 
ing of the same for unpleasurable feelings’’; (2) ‘‘increase in excitation, 
showing itself in retarded and strengthened pulsebeats, since the more 
intense excitation affects most the inhibitory nerves of the heart”; and 
(3) paralysis or relaxation of the muscles in certain instances. 

Landis, Gulette and Jackson (1925) studied the emotionality of 25 
persons with a battery of 25 tests and ratings. They found that pictures 
of the cephalic movements and facial expressions could be used to good 
advantage in picking out certain types of emotional responses. The 
amount of laughter is a good measure of emotional expressiveness. 

Many questionnaires have been devised to determine the emotional 
stability of individuals. Woodworth’s questionnaire is the best in this 
field. H.T. Moore (1916) of Dartmouth College measured the aggres- 
siveness of an individual in terms of the amount of distraction the person 
could stand. While his subjects were solving problems in multiplication 
he would attempt to distract their attention by displaying pictures of 
famous nudes, by allowing their chair to fall, and by drawing a cold 
snake-like piece of rubber tubing across the back of their neck. These 
stimuli greatly interfered with the mental processes involved in multi- 
plication. 

In 1921 S. L. Pressey published his “X-O test” for investigating the 
emotions. This test consists of various lists of words such as disgust, 
fear, sex, suspicion, aunt, roar, divorce, dislike, naked, snake, stink, etc. 
The subject is asked to cross out certain words which are unpleasant, 
which he thinks are wrong, for which he might be blamed, about which 
he feels nervous or that he has ever dreaded. Pressey judges emotional 
stability by the degree of repulsion and attraction which certain words 
exert upon the individual. Professor Margaret Washburn of Vassar 
found that the number of emotional experiences which a person remem- 
bers is a good indication of emotional stability. 

Totten (1925) found an increase in oxygen consumption of 4.9 to 
25 per cent in 6 out of 13 emotional situations. This shows that the 
lungs are forced to do more work during emotional excitement. This is 
certainly harmful to all tuberculous individuals who must keep the lungs 
as quiet as possible in order to allow lesions to heal. 

We could cite numerous studies designed to fathom the ultimate 
depths of emotion. However this brief résumé is sufficient to show the 
general trend of research. 
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CONCLUSION 


The evidence presented in this general survey of the emotions should 
convince the most sceptical that emotions are tabu in the cure of tuber- 
culosis. Emotions are undoubtedly harmful in this disease. Even the 
tender emotion of love should be handled in a Platonic (mental rather 
than physical) fashion while a patient is in the throes of tuberculosis. 

There is no known narcotic which can be administered to quell emo- 
tions without producing after-effects often more harmful than the original 
emotional state. Pain can be alleviated by morphine or cocaine but 
pain is not an emotion. Pain is a sensation and is to be considered with 
sweet, sour, hot, cold, green, red, and various olfactory sensations. 

Since Dr. Cannon and many others have shown that the thalamus is 
the seat of our emotions it seems most logical to rely upon the thalamus 
to maintain our emotional stability. But the thalamus is a part of the 
brain which is under control of the higher cortical centres in which reason- 
ing takes place. We must therefore conclude that emotional stability 
can only be secured by means of the intelligent application of knowledge 
of the kind that is presented in this article. 


A STUDY OF CHILDREN DISCHARGED FROM 
THE PRENDERGAST PREVENTORIUM 


JOHN B. HAWES, 2np! 


I am presenting here a detailed study of 110 children who stayed at the 
Prendergast Preventorium, Boston, four months or longer during the 
years 1922 to 1926 inclusive. Each child therefore has been discharged 
from the Preventorium at least two years. We opened this institution 
as a preventorium in 1922 under adverse and trying conditions as far as 
buildings and equipment were concerned, and it was not until July, 1928, 
when our new building was completed, that things have changed for the 
better. I was anxious to find out as closely as possible the present condi- 
tion of the children who have been with us during these pioneer years and 
thus to evaluate our work. It is not the child’s condition at discharge 
which is of importance. Far too much emphasis, in my opinion, is placed 
on this. We invariably read in the annual reports of summer camps and 
preventoria,—and one can sense the feeling of pride with which the words 
were written,—that the average gain in weight has been so many pounds 
and that one child gained a truly colossal amount. Frankly, I am very 
little interested in gains in weight. What I am deeply interested in is an 
improvement in physical, mental and moral fibre, an increased resistance 
to disease, a knowledge of how to live rightly and properly, which 
knowledge I hope will, by force of example, be transmitted to others. 
As a result of this investigation I have found out something in regard to 
these points, and admit frankly that, so far at least, I am not deeply or 
favorably impressed thereby. However, one must remember that these 
years from the humble beginning in 1922 up to 1926 were, as I said before, 
difficult and trying ones. We were feeling our way and struggling against 
many adverse conditions. But certainly we can and must learn some- 
thing from our errors of omission and commission of the past and profit 
thereby. This I believe we have done. 

There was an average of 22 children at the Preventorium during these 
five years, 1922-1926, with an average length of stay of 7.32 months. 
Surely, with a child under close and competent observation and the 
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best of hygienic living conditions for over half a year, we should be 
able to accomplish a great deal. The children’s ages varied from 6 to 
12 years. Their nationalities were likewise varied,—34 American, 27 
Irish, 13 Jewish, 12 Italian, and the remainder scattered. Each came 
from a home in Boston where there was or was supposed to be an open 
case of pulmonary tuberculosis. Each child had or was supposed to have 
had a positive tuberculin skin reaction and X-ray evidence of enlarged 
tracheobronchial lymph nodes. 


EXPOSURE TO TUBERCULOSIS 


Of these 110 children, each of whom had spent, at considerable expense, 
six or seven months of a carefully regulated life at our preventorium in 
order to be able to withstand the tuberculous infection already received, 
as shown by the positive tuberculin test, 27, or over 24 per cent, were 
found to have returned to homes where they were still in contact with 
tuberculosis. Truly an amazing and deplorable situation! Of what 
possible value can preventorium treatment be if the child is to return to 
exposure as great and probably more than before? But in no way can 
the preventorium be blamed for this. The responsibility for this rests 
solely with the municipal health authorities of this city. With an 
effective and properly organized health department and with a properly 
managed municipal institution for adult consumptives no such state of 
affairs would be allowed to exist. I am happy to state that a recent re- 
organization of our health department, with the creation of a new and 
efficient Division of Tuberculosis and an adequate or nearly adequate 
corps of nurses, bids fair to remedy a truly shocking state of affairs. 
There are hopes,—only distant ones I fear,—of improvement in the 
municipal sanatorium, so that advanced cases of pulmonary tuberculosis 
can receive and, what is of far greater importance, will accept the hospital- 
ization of which they are so badly in need. 


HOME CONDITIONS 


A detailed examination was made of the home conditions to which these 
children returned. Of the 110 children, 29 homes were classified as good, 
36 as fair and 22 as poor. Concerning the remainder, 23, nothing was 
known. This is shown in the following table. 
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Home conditions 


YEAR GooD FAIR POOR NOT KNOWN 
1922 4 2 1 1 
1923 6 6 + 7 
1924 5 8 5 9 
1925 8 11 + + 
1926 6 9 8 2 
29 36 22 23 


This state of affairs likewise does not reflect credit on the efforts of the 
health authorities of this city. One might imagine that the most de- 
tailed and strict supervision would be given to a home where there had 
been or was an adult consumptive along with children already infected 
with the germs of this disease. The further fact elicited from this study 
that 11 of these children returned for further treatment to our summer 
camp and 20 to our preventorium shows that our efforts were none too 
permanent. 

A general summary of the present situation in regard to these children 
according to years brings out certain striking points. 


110 CHILDREN DISCHARGED FROM PRENDERGAST PREVENTORIUM, 1922-1926 


Discharged in 1922: 8 Children: One is in good physical condition but is 
in a school for epileptics; two are working in factories; one has been 
placed by the state as a mother’s helper; one, 15 years old, is still in the 
fifth school grade; two are finishing high school. 

Discharged in 1923: 23 Children: One is at a state sanatorium with 
moderately advanced tuberculosis; one is seriously ill with a heart lesion 
and one with some endocrine disturbance. One needs sanatorium care 
but the parents refuse to allow it. Six children have good prospects of 
finishing high school and are in good physical condition. The remainder, 
although apparently well, owing either to economic conditions at home or 
low mentality will probably never reach high school. 

Discharged in 1924: 27 Children: Three of this group have had or 
have been advised to have sanatorium treatment since their discharge. 
Nine will probably finish high school. 

Discharged in 1925: 27 Children: One child has spent some time at a 
state sanatorium and has been discharged arrested. Ten of this group 
will probably finish high school. 
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Discharged in 1926: 25 Children: One child is now at a state sana- 
torium; fifteen have good prospects of going to high school. 

As shown by the above, only 42, or 38 per cent, of these 110 children 
have entered or have prospects of entering high school. The remainder, 
except for a few of whom we know nothing, nearly two-thirds of the total 
of 110, on account of poor health, economic necessity or mental deficiency, 
will probably never advance further than a grammar-school education. 
Seven, or 6.3 per cent, of this group have developed pulmonary tuber- 
culosis requiring sanatorium treatment. That such a fairly large pro- 
portion as this should have steadily advanced from the stage of tuber- 
culous infection to that of tuberculous disease in so short a time is 
striking but deplorable. It does not mean that the seven months of 
preventorium treatment that each child received was not thorough and 
efficient, but it does mean beyond a shadow of doubt that the after-care 
of these children, and this is the all-important factor, as carried on or 
supposed to be carried on by the municipal authorities, was neither 
thorough nor efficient. 

There are various other facts, none too creditable, that became evi- 
dent as a result of this study. It is only fair to remind ourselves, how- 
ever, that we are here dealing with conditions that existed at least two 
years ago and which we hope and believe do not exist at present. For 
instance, although each child was supposed to be a contact case, in some 
instances there is no doubt but that the “contact” was concocted for the 
purpose of getting the child into the Preventorium. The reason for this 
was apparently twofold. Either a nurse or social worker was anxious 
to get the child placed in order to relieve a distressing family situation, 
or perhaps our own desire to keep our beds full led to our being less strict 
than we should have been. Another difficulty, which we meet with even 
now, has been the scanty and sketchy nature of many of the social and 
medical records of the children for whom application for admission was 
made. Social workers and nurses have been and indeed still are too 
ready to look upon the preventorium as a “‘vacation home” for poor 
children while, in addition, there are not a few parents who “allow” their 
child to enter our preventorium not because they think the child needs 
medical attention but because it relieves them of just so much care and 
responsibility. All this is wrong and should be changed. We trust that 
to a very great extent it has already been changed. 
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CONCLUSIONS 


As I study the results of this investigation of 110 children discharged 
from our Preventorium during the years 1922 to 1926 I am more con- 
vinced than ever that the ultimate success of preventorium treatment 
depends upon thorough, aggressive and prolonged follow-up work. 

No child should ever be allowed to return to a home where it will be 
again exposed to infection. This should be an absolute rule. The 
efficiency of any local health department might well be measured in 
terms as to how adequately it accomplishes this task. 

In accepting children for a preventorium the requirements for admis- 
sion must be lived up to. There must be a definitely positive Pirquet 
test, definite and real contact, and detailed and adequate records of the 
child’s social and medical history. 

In view of the fact that preventorium beds are few in number and 
children needing such treatment are many (probably over 800 in Boston), 
we can well afford to have mental as well as physical requirements for 
admission. ‘To spend seven months in painstaking and detailed care of a 
child who will probably never get beyond a grammar-school education 
is not promoting eugenics or raising the standard of citizenship in this 
country to any very great extent. 

Finally, although it is not brought out in this report, I believe that every 
family should be allowed and indeed made to pay something, no matter 
how little, for the care of the child while at the Preventorium. Excep- 
tions, of course, should be made in cases in which the family is already 
receiving city or state aid. Only in this way can we preserve the family’s 
self-respect and help in preventing the abuse of medical charity which 
already is flagrantly existent in Boston. Only by some such system 
can we stop putting a premium on poverty which we have been doing 
under our present system. 
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The necessity for improving upon the routine physical examination 
as a method of selecting employment personnel has been discussed in a 
previous communication (1), in which it was pointed out that in each of 
the past four years there were admitted from the Home Office to the 
Sanatorium of the Metropolitan Life Insurance Company at Mount 
McGregor, New York, an average of seven employees with tuberculosis, 
who had been accepted for employment after passing a physical exami- 
nation within the year, and thirteen incapacitated by the same disease 
within eighteen months of their employment. 
incipient and moderately advanced cases distributed as shown in 


THE VALUE OF THE FLUOROSCOPE AS AN ADJUNCT 
TO ROUTINE PHYSICAL EXAMINATION 
OF THE CHEST! 


ADA CHREE REID 


This group includes 


table 1. 
TABLE 1 
Number of employees with tuberculosis admitted to sanatorium 
A. Within 12 months of entrance examination 
YEAR INCIPIENT gre rng FAR ADVANCED TOTAL 
1924 4 3 0 7 
1925 2 1 0 3 
1926 3 2 3 8 
1927 2 5 3 10 
11 11 6 28 
Average per year. 2°95 2.45 1.50 7.00 
B. Within 18 months (includes table 1A) 
YEAR INCIPIENT pa arog FAR ADVANCED TOTAL 
1924 7 Ss 0 12 
1925 4 iS 0 7 
1926 4 5 5 14 
1927 8 8 ay 20 
23 21 9 53 
Average per year. 5.35 5.25 2.25 13.25 


1 From the Metropolitan Life Insurance Company, New York City. This work was 
carried on in collaboration with Dr. Janette Jennison and Dr. H. H. Fellows whom the 
author wishes to thank for their great assistance in assembling the data and reviewing the 
roentgenographs, 
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It is more than probable that each of these employees had tuberculosis 
at the time of the initial physical examination, since it is well known and 
generally accepted that pathological changes of the lungs may exist 
without giving definite abnormal physical signs. In fact, Lawrason 
Brown (2) states that “tuberculosis occurs so often without giving 
definite physical signs that I never exclude pulmonary tuberculosis in a 
suspicious case until I see the roentgen-ray plates,” and Austrian (3) 
writes, ‘“‘roentgen-ray may disclose a causal focus of symptoms in patients 
in whom physical examination fails to discover it, because of its inac- 
cessible location or because it is masked by other conditions.” The same 
opinion is expressed by Heise (4), McPhedran (12) and Rathbun (13). 
The number of persons in whom physical signs are absent varies, the 
usual figures being placed at 5 to 10 per cent (2). Out of 245 cases of 
tuberculosis recently reviewed by Fales (5), 17, or 7 per cent, had roent- 
gen-ray evidence of disease but no definite physical signs (53 per cent 
of these 17 had positive sputum). In 11 per cent of the 245 cases, the 
X-ray showed involvement of the apex on the opposite side from which 
there had been obtained no physical signs. 

It is agreed that the most reliable physical sign in the early detec- 
tion of tuberculosis is the moderately coarse rale heard early in inspira- 
tion after cough (2), but Heise (6) has shown how frequently this sign 
may be absent, as in 351 minimal cases, in all of which there were definite 
X-ray changes, 59 per cent had no rales. Others agree that physical 
signs of significance may be absent in the more advanced stages as well: 
“Tuberculous caseous bronchopneumonia may exist in a large area 
without causing any signs’ (Dunham (7)). The same thing is true 
of cavities. Bendove (8) reviewed 145 cases with definite pulmonary 
cavitation, and concluded that 50 per cent are silent, of which about one- 
third are completely mute, that is, they exhibit no adventitious sounds. 
Weigel (9) found that only 14.8 per cent of 175 cavities were diagnosed by 
physical examination. Fales (5), in the study noted above, found 20 
per cent of cavitieS to be shown by physical signs and 99 per cent by 
X-ray. 

Obviously, in order to eliminate patients with ‘‘silent” tuberculosis, 
the roentgen-ray examination of the chest would be indicated, but be- 
cause of the cost, space and personnel involved, the impracticability of 
using such a procedure in a large number of examinations of supposedly 
healthy individuals is apparent. On the other hand, the fluoroscopic 
examination of the chest in addition to the routine physical exami- 
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nation is a relatively simple and comparatively inexpensive method, 
which can be managed easily and which ought to disclose the presence 
of moderately advanced lesions. For many years the roentgenoscope 
has been utilized to a much a greater extent abroad than in this 
country; in fact, by many tuberculosis workers in France it is the 
preferred method for radiological examination of the thorax. “It has 
the incalculable advantage of showing the organs in motion; it thus 
gives us information infinitely more detailed, more varied and more 
complete than radiography”’ (10). 

Beginning October 1, 1927, at the Home Office of the Metropolitan 
Life Insurance Company, each applicant for employment, after a routine 
history and careful physical examination, has been subjected to a fluoro- 
scopic inspection of the chest. In every case in which a definite abnor- 
mality was noted (or in which a questionable condition was seen) an 
X-ray film was taken. In each case showing pathological alterations 
in the fluoroscopic examination the physical examination was repeated 
before the X-ray photograph was taken, and the absence or presence of 
physical signs was verified. In the beginning, the roentgenoscopic 
examination was made by two physicians trained in this work, and later 
by a much larger staff of physicians who were for the most part pre- 
viously untrained in the use of the fluoroscope. After a relatively short 
period of instruction all examining physicians have been able to perform 
this part of the examination with accuracy and efficiency. 

One of the factors which has contributed largely to success in the use 
of the fluoroscope has been the insistence that a specified routine be 
followed. The procedure is as follows: The subject is examined with 
clothing removed from the chest. First, the thorax as a whole is in- 
spected, noting asymmetry, or structural abnormality of bone, vertebral 
column, or ribs; then the diaphragm, comparing the degree of motion of 
the two domes on respiration (and presence of sharp peaks or tenting in 
the outer two-thirds). The costophrenic angles are carefully observed; 
if obliterated, we search the pulmonary fields more diligently than usual, 
because, although it is not considered to be an abnormal finding in an 
otherwise healthy chest, our smallest parenchymatous lesion in the lung 
was nevertheless discovered in this way. The hilum is next observed; 
the trunk shadows should be seen through, and the outer boundary should 
not extend beyond a line limiting the inner third of the pulmonic field. 

Any deviation from the normal in size or shape of the heart, aorta and 
mediastinum is observed. 
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Finally the lung fields are examined. The apices are inspected with 
the shoulders erect and then dropped forward, with the gloved hand 
pushing aside the muscles of the neck which obstruct the view. To 
examine the first and second interspaces, regions more important prob- 
ably than the apices, the subject elevates the scapulae with arms re- 
maining at the side. For the closer inspection of cloudy areas, the 
diaphragm of the fluoroscope should be closed so that only a small 
portion of the lung can be seen. 

The mediastinum and heart are viewed in the oblique position. Finally 
the applicant is observed with the back toward the observer and the 
entire process is repeated. This last inspection is very important 
because small lesions in the anterior part of the lung become more 
noticeable in this position. 

To check the accuracy of this method, 100 persons, whose chests were 
negative on physical examination and were passed fluoroscopically as 
normal, were X-rayed. This entire group was classified as with “healthy 
adult chests” by the roentgenologist. As a further study, 123 cases in 
which indefinite signs were described by the examining physician, such as 
harsh breath-sounds, transient rales, and prolonged expiration at the 
apices, were fluoroscoped, classified as normal, and then X-rayed. In 
only one of these did the X-ray show evidences of tuberculosis, and 
this at a very early stage. 

From October 1, 1927, to September 30, 1928, 4,883 applicants for 
employment at the Home Office of the Metropolitan Life Insurance 
Company were examined. Of these, 59, or 1.21 per cent, with no ab- 
normal physical findings were demonstrated by fluoroscopic examination 
and verified by roentgen-ray to have pulmonary pathological changes, 
classified as in table 2. 


TABLE 2 
X-ray classification 


NUMBER OF PER CENT 
CASES OF TOTAL 


Moderately advanced tuberculosis..............scceccecccees 18 30 
00 
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These were all rejected for employment on the basis of their anatomical 
tuberculosis. 

All applicants in whom we find tuberculosis are referred to a tuber- 
culosis clinic in their own residential locality, or are sent with their X-ray 
films to their own physician, so that they may have the benefit of treat- 
ment where it is considered necessary. Subsequently a follow-up letter 
is sent to each person who has been advised, requesting a return visit with 
the privilege of a reéxamination and X-ray. By this follow-up pro- 
cedure we have been enabled to reéxamine 35 of these applicants within 
the year of their original examination, and have, by a comparison of 
symptoms and X-ray findings, demonstrated active tuberculosis in 16, 
or 45 per cent, of those who have returned for their second X-ray. Of 
the remainder, 16 are apparently quiescent and 3 have improved. 

The distribution by amount of involvement is shown in table 3. 


TABLE 3 


Follow-up examination of applicants rejected on fluoroscopic findings from October 1, 1927, 
to September 30, 1928 


& 

Moderately advanced tuberculosis.............. 18 11 9 1 1 

Far advanced tuberculosis. .................... 2 2 1 0 1 

59.3 | 45.7] 8.6 45.7 

SUMMARY 


1. Of 4,883 applicants, who were passed on physical examination, 59, or 
1.21 per cent, were demonstrated with the fluoroscope to have pulmonary 
pathological changes, which, after the X-ray films were studied, were 
classified as anatomical tuberculosis. 

2. Of these 59 cases, 35 reported back for examination within the year, 
and 16, or 45 per cent, were diagnosed as having active progressive 
tuberculosis. 

3. Minimal tuberculosis, as well as more advanced lesions, are visible 


with the roentgenoscope. 
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VALUE OF FLUOROSCOPE 


CONCLUSION 


In the absence of physical signs it is possible to demonstrate pulmo- 
nary pathological changes by means of the fluoroscope with sufficient 
accuracy to render the procedure a most valuable adjunct to the routine 
physical examination of young adults. 


A very detailed description, written in 1900, of the fluoroscopic findings in the normal and 
diseased chest is given by Beclere (11). For the translation of this article and the search of 
the foreign literature for information on this subject, we wish to thank Dr. Ordway, the 
Medical Superintendent, and Miss Ray, the Librarian, of the Metropolitan Life Insurance 
Company Sanatorium at Mount McGregor. 
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THE SCHILLING BLOOD DIFFERENTIAL COUNT 
IN TUBERCULOSIS 


J. F. BREDECK! 


For many years the Ehrlich classification of leucocytes in blood 
differential counts has been standard in this country. During the past 
twenty years, following the work of Arneth, there have been many 
investigations on blood that make us feel that probably the time has 
arrived when we should modify our classification of leucocytes in differ- 
ential counting of the blood. It is apparent to all that our present 
method of this differential work is of very limited value in clinical medi- 
cine. Outside of the specific diagnoses which can be made in the 
anaemias, leucaemias, agranulocytoses, and monocytic anginas, we 
cannot go far in our interpretations of our blood differential counts. 
It is true that in tuberculosis we cannot make a specific diagnosis with 
the Schilling blood differential alone. This count with the Schilling 
method must be considered only one symptom or sign, like fever, which 
may be the same in various diseases. However, with the other clinical 
data, the blood differential is equally as important as temperature 
readings and other clinical methods that are in common use. 

Early in the blood differential work on tuberculosis it was shown by 
Grawitz and Naegli that the blood picture is of unquestionable practical 
importance because of its dependence on the clinical and biological reac- 
tions that occur in the course of the disease. It was very early pointed 
out that lymphocytosis and eosinophilia were of good prognostic import 
just as a neutrophilic hyperleucocytosis was unfavorable in prognosis. 
Because of difficulties experienced in the original Arneth classification 
of the neutrophilic leucocytes and the latter’s nuclear structure, the 
method proved to be impracticable and never became popular. However, 
since his original work many investigations have been made in Europe 
which show that the Arneth method has a definite value, and is practicable 
with certain modifications. Among those who investigated and modified 
the Arneth method particularly was Professor Victor: Schilling, now at 
the Charite Hospital of the University of Berlin. He has been able to 
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devise a practical clinical method of blood differential counting, taking 
into consideration the whole differential blood picture together with the 
shifting of the neutrophilic leucocytes according to whether the changes 
are regenerative or degenerative in character. His method gives us a 
very much better understanding of the biological reactions which are 
going on in the course of the various infections, and in tuberculosis 
particularly, than is possible with the Ehrlich classification. 

A single differential blood count can be of inestimable value and can 
give us considerable insight into the nature and activity of the infection. 
With Schilling’s ideas of degenerative and regenerative changes in the 
neutrophilic leucocytes, together with the lymphocytes and monocytes, 
we can go further than we can ever hope to go with the Ehrlich differ- 
ential. In general, slight changes in the neutrophilic leucocytes with a 
high lymphocyte count indicate a favorable prognosis, while low lympho- 
cytes with marked changes in the neutrophilic leucocytes are unfavorable. 
An increase or decrease in monocytes alone, or a lower number of 
eosinophiles alone without any further changes, are of question- 
able import. 

It is not the purpose of this paper to go into the details of the scientific 
investigations which underlie the Arneth, and particularly the Schilling 
classification. Those who are interested in the Schilling classification 
are referred to his book, Das Blutbild und seine klinische V erwertung 
(ed. 5 & 6, Jena, Gustav Fischer, 1926). It is only hoped that this 
paper may stimulate an interest in the clinical value of blood differential 
counts in tuberculosis, as well as in internal medicine generally,—an 
interest that is lacking at the present time because of unsatisfactory 
classifications. 

We cannot remain oblivious to the splendid work of Arneth, Naegli, 
Pappenheim, Grawitz, Schilling, and a host of other European haemo- 
cytologists, and the splendid work done in our own country by Sabin, 
Cunningham and Doan. Their work, besides its deep scientific interest, 
has very practical lessons for us clinically. We are all interested to 
know which cases of tuberculosis are subject to exacerbations in their 
disease, even though they seem completely well. It is possible to detect 
early activity of tuberculosis with the Schilling blood differential count- 
ing method long before we are able to do it with our other clinical 
methods. 

In the course of this paper it is the object to report the findings in 
the various stages of tuberculosis as well as in the various stages of the 
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activity of the disease, and to give conclusions as far as these are possible 
from the blood differential count. As stated above, it will be obvious, 
as the cases are reported, that we can go farther with the Schilling method 
than we can ever hope to go with the old Ehrlich classification. It is 
possible, in infectious diseases, to have a clearer understanding of blood 
pictures with the Schilling method than is possible by a combination of 
total leucocyte counts together with the old Ehrlich method of blood 
differentials. With the Schilling method of blood differential counting, 
regardless of total leucocyte counts, we can pick up blood pictures that 
are impossible with the Ehrlich classification in infectious diseases. 
The method has a much wider application than in tuberculosis, and its 
value in internal medicine and in other diseases will be reported later. 


THE SCHILLING METHOD 


As to technique, all of the counts reported in this.paper were from 
fresh blood smears, made on slides and stained with Wright’s stain. A 
comparison of the Schilling differential count with the Ehrlich and the 
Arneth methods can be seen in table 1. To the left we have the very 
simple Ehrlich classification and to the right we have the complicated 
Arneth classification. The Schilling classification narrows itself down 
to the Arneth classification with a few simple modifications. The 
neutrophiles are divided into two groups, those containing a single 
nucleus and those containing two or more nuclear elements. The 
mononuclear neutrophiles are divided into two groups, the so called 
jugendliche cells (young forms) corresponding to the metamyelocytes of 
Pappenheim, and the stabkernige (rod-shaped nuclei). The segmented 
forms contain two or more nuclear elements. Classes 2, 3, 4 and 5 of 
Arneth are contained in one group in the Schilling classification and are 
called segmented forms. Arneth originally introduced the term ‘“‘shift- 
ing to the left,’ which means a relative increase in the classes 1, 2 and 3 
and a diminution in the classes 4 and 5. A shifting to the left in the 
Schilling classification simply means an increase in any of the neutro- 
philes with unsegmented nuclei at the expense of the segmented forms. 
The Schilling method is so simple that we differentiate practically 
between jugendliche and stabkernige neutrophiles. Segmented forms 
give no difficulty whatever in identification. According to Schilling the 
jugendliche forms are the evidences of regenerative, and the stabkernige 
of degenerative blood changes. 
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A description of the jugendliche and the stabkernige cells will serve to 
show the main points in the Schilling blood differential count. The 
jugendliche neutrophilic leucocytes (called metamyelocytes of Pappen- 
heim) are found normally in abundance in the bone-marrow and only 
rarely in the circulating blood. They are large cells usually slightly 
larger than the older stabkernige and segmented types, with the cyto- 
plasm practically the same as in the segmented and stabkernige types 
of neutrophilic leucocytes. They are sometimes a little more bluish, 


TABLE 1 
Ehrlich Schilling Arneth 
Basophile Basophile Basophile 
Eosinophile Eosinophile Eosinophile 
Neutrophilic Neutrophilic Neutrophilic 
leucocytes leucocytes leucocytes 
Class 1 
Myelocytes Myelocytes ie : Myelocytes 
Jugendliche W: Metamyelocytes 
Stabkernige [ T: Metamyelocytes 
Polymorphonucleated 
leucocytes (Class 2 
Class 3 
Class 5 
Small lymphocytes Small lymphocytes 
Lymphocytes Medium lymphocytes 
Large lymphocytes Large lymphocytes 
Large mononuclears Large mononuclears 
Monocytes Transitionals: Class 1 
Transitionals | Transitionals: Class 2 


but the granules are almost the same except that they are a little coarser 
and a little more deeply stained. The nucleus is usually sausage-shaped, 
kidney-shaped or bean-shaped. It is rich in chromatin, and is not so 
intensely stained, and is definitely clouded with prominent nuclear 
elements, together with nucleoli at the bulbous ends of the nucleus. 
The jugendliche cells are important in the shifting to the left in patho- 
logical blood pictures and are present usually with leucocytosis. 

The stabkernige neutrophilic leucocytes have nuclei found in several 
shapes, such as §, U and V shapes. In general, the structure of the 
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nucleus is dense, with heavy chromatin elements but with no nucleoli. 
The cytoplasm is much the same as in the older segmented neutrophilic 
leucocytes. Important, however, are the pathological degenerative 
forms of these neutrophilic leucocytes that do not present themselves 
normally in the circulating blood. They are presumably very much 
like those segmented adult or ripe forms of neutrophiles which fail to 
lay down the segments from their original jugendliche type. The patho- 
logical degenerated forms of stabkernige cells are differentiated by their 
small band forms of nuclei, often bizarre, irregular, hyperchromatic, 
pycnotic, structureless, and dark nuclei. The nuclear structure is 
usually overstained or poorly stained, with evidences of lysis of the 
nuclear membrane, and the oxidate reaction may partly fail. In making 
a smear they are very easily broken up, and in thick drops of blood on a 
slide their structure is poorly kept. As further evidence of degenera- 
tion, in many cases there is a tendency toward vacuolization, increased 
vital-staining capacity, and diminished resistance. 

It is important to differentiate the degenerative forms of stabkernige 
neutrophilic leucocytes from the normal stabkernige cells. The degen- 
erated forms are always the result of some toxic element or infection. 
There are also forms of degenerated jugendliche cells which can be 
differentiated from the normal types found in the bone-marrow. 

The stabkernige neutrophilic leucocyte is the first type of cell that in- 
creases in infections. This is evidence that some toxic element or 
infection retards the normal development of the normal myelocytes and 
jugendliche cells into the mature segmented forms. This degenerative 
change is a central effect on the bone-marrow cells as well as a peripheral 
effect in the circulating blood. Normally, about 3 to 5 per cent of 
stabkernige cells appear in the circulating blood. If they increase above 
this number it means that there is something of a toxic or infectious 
nature which prevents the jugendliche types from developing into the 
mature segmented forms. This effect may occur in the bone-marrow, 
where the jugendliche are found normally in great numbers, so that an 
increased number of stabkernige cells is evidence of degeneration which 
prevents a younger type of cell from reaching its mature form of seg- 
mentation. If the stabkernige cells are only very slightly increased in 
number we usually do not find a leucocytosis. However, the toxic or 
infectious agent may be sufficient to stimulate the bone-marrow to over- 
production of such mild degree that jugendliche cells do not get into the 
circulating blood and yet we may have a slight leucocytosis. If, how- 
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ever, the toxic or infectious element is severe enough to stimulate the 
bone-marrow to considerable overactivity, we then have the jugendliche 
types appearing in the circulating blood, resulting in a regenerative 
blood picture which is usually associated with a leucocytosis. This 
means that the myelocytes in the bone-marrow develop more rapidly 
and that the immature jugendliche types are poured out into the circu- 
lating blood before they reach the stabkernige stage. 

There is a further stage in the degree of infection which produces the 
severe form of myeloid blood change in which myelocytes appear in the 
circulating blood. This is the most|severe type of infectious blood picture 
that is’obtainable, with the exception of the type of infection that 
causes a complete inhibition of myelogenous cells in the blood-stream, 
as seen in conditions such as agranulocytosis and monocytic angina. In 
general we then have two characteristic blood changes in infectious 
diseases; namely, a shifting to the left of the neutrophilic leucocytes, 
that is either degenerative or regenerative in character. The rela- 
tionship of the neutrophilic changes to the lymphocytes vary as to the 
nature and the severity of the infection. 

With experience it is possible to put blood pictures into certain groups, 
and this may be very valuable in the differential diagnosis. In tubercu- 
losis there occurs a shifting in the neutrophilic leucocytes with an increase 
in the stabkernige cells. With increased severity of the infection we 
may go into the regenerative blood picture; however, the commonest 
type of blood picture in tuberculosis is a degenerative one. In cases 
that are not doing well, such as the rapidly progressive ones, the lympho- 
cytes usually fall in number. With the cases that are doing well the 
lymphocytes remain normal or may be increased in number. LEosino- 
philes are usually present, and their presence or absence is of little 
significance. The same thing is true of the basophiles. The monocytes 
show interesting changes in number. They may be present in increased 
numbers early in the disease or they may be enormously increased in 
very progressive cases. They may be diminished in number, and as 
the case improves may reappear in considerable numbers. The inter- 
pretation therefore of the monocytes is more difficult. They may result 
from an active infection or they may represent a favorable type of 
cell in conjunction with healing. There is sufficient pathological evi- 
dence to show that the monocytes are present at the site of tubercle at 
certain stages of tubercle-formation. The same thing is true of the 
neutrophilic leucocytes and lymphocytes. 
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The complicated Arneth classification, in which one is required to 
count one hundred neutrophilic leucocytes alone, and one hundred 
lymphocytes alone, together with the complicated task of classifying the 
number of nuclear elements, adds very little to the Schilling method. 
The latter is so simple and offers us so much more than the Ehrlich 
classification that I cannot see why it has not been adopted as a routine 
measure long ago. I believe that any one attempting the Arneth 
classification will agree that it is time-consuming and that many times 
one has difficulty in placing a neutrophilic leucocyte into one class or 
another depending upon the number of nuclear components contained. 
The interpretation of the Arneth classification offers a number of diffi- 
culties. In general, however, I believe that the Arneth classification 
is accurate and valuable if done by experienced workers with the proper 
technique. I believe, on the other hand, that the amount of informa- 
tion gathered by the Arneth method over the Schilling method does not 
justify its use as a routine measure because of its inherent difficulties 
and tedious technique. 

With this brief description of the differences between the Ehrlich, 
Schilling, and Arneth classifications I will go on with the reporting of 
the cases that have been studied with the Schilling differential method. 
Any one who is interested in the further details of interpretation of the 
various blood pictures is referred to Schilling’s book, mentioned pre- 
viously, and also the work of Arneth in four volumes, Die qualitative 
Blutlehre. 


A FEW TYPICAL EXAMPLES OF SCHILLING BLOOD DIFFERENTIAL COUNTS 


In table 2 we have a few typical examples of blood differential counts 
with the Schilling method, together with a brief summary of the clinical 
data on each case. The first 5 cases reported in the table will be dis- 
cussed at this time, and the last 5 cases dealing with the effects of tuber- 
culin on the differential count will be discussed later in the course of 
this paper. 


Case 00116: Was seen for the first time in March, 1924. The physical findings 
at that time were those of an advanced pulmonary tuberculosis, with positive 
sputum and positive X-ray findings. I did not see the patient between May, 
1925, and December, 1926. At this latter date he had the findings as seen in 
the table. In addition to the original findings he had tuberculosis of the 
larynx. His blood picture at this time represented the serious type of septic 
blood picture that is found in tuberculosis. The monocytes were very high, 
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the lymphocytes low, and the stabkernige cells considerably increased in num- 
ber. The patient therefore had a degenerative and a regenerative blood 
picture. Because of the extreme shifting of the neutrophilic leucocytes to 
the left, the low lymphocyte count, and the extremely high monocyte count, 
the prognosis was bad. The patient died in August, 1927. 


Case 00161: Was seen for the first time January, 1927. The patient then 
had advanced pulmonary tuberculosis, with tonsils that were also highly 
suggestive of being tuberculous. She gained weight and did fairly well until 
June, 1927, when her tonsils were removed because they had given her con- 
siderable trouble. They were sectioned, and both were found to be tubercu- 
lous. The patient got along very well until August, 1927, when her tempera- 
ture suddenly rose to 100.6°F. She had kept a two-hour temperature record 
for months, and the maximum noted for two months previous to tonsillectomy 
and for two months afterward was 99.4°F. Following the rise of temperature 
in August, 1927, the patient complained of abdominal pain, and examination 
was suggestive of some pelvic involvement. Gynecological consultation 
showed that she had tuberculosis of both tubes and tuberculous peritonitis. 
She rapidly lost weight and died in October, 1927. Her first blood smear 
showed an increase of monocytes and a dimunition of lymphocytes, with a 
highly degenerative blood picture. With the onset of tuberculous peritonitis 
the blood picture took a decided change, with a drop in both lymphocytes and 
monocytes and a further shifting to the left of the neutrophilic leucocytes, 
so that the patient had both a regenerative and a degenerative blood picture. 
This patient’s blood therefore is another example of severe type of infectious 
blood picture as seen in tuberculosis. 


Case 00179: Was seen for the first time in February, 1927. The patient gave 
a history of having had pleurisy in 1916, and she was operated upon for 
tuberculous peritonitis in 1923. The differential blood count at the very first 
examination showed both a degenerative and regenerative blood picture with 
low lymphocytes. The temperature ranged from 99.2° to 99.6°F. With 
absolute bed-rest the patient seemed to improve for a while, but her blood 
picture showed very little change except that the regenerative side of it dis- 
appeared. The last blood count, taken September 5, 1928, is essentially the 
same as that taken in January, 1928, which is the second blood reported in 
the table in her case. The prognosis has been unfavorable from the begin- 
ning because of the low lymphocyte count and the marked shifting of the 
neutrophilic leucocytes to the left. 


Case 00338: Was first seen July, 1927, with a degenerative-regenerative blood 
picture and normal lymphocytes. The patient was put to bed and made a 
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most favorable recovery. The blood differential counts reported in her case 
are at one-month intervals and show her progress in the first three months. 
The interesting thing in her case is the marked rise in lymphocytes that has 
occurred, and the progress that she has made clinically. The last differential 
blood count, made September, 1928, still shows a noninfectious picture, with 
a high lymphocyte count. The patient has been working since April, 1928. 


Case 00341: Was seen for the first time July, 1927, with a degenerative and 
regenerative blood picture, high lymphocytes, and an increase in monocytes. 
The patient was put to bed for four months, and the progress in her case is 
shown by the table. Her prognosis was good from the start because her 
lymphocytes were high. Her monocytes have persisted high in spite of the 
fact that she is clinically very well. The last blood count was taken in 
August, 1928, and the patient has been working since January, 1928. Here is 
an example of the difficulty in interpreting high monocytes, which in this 
patient’s case have been thought to be a favorable sign. 


The above five cases show very characteristically the blood changes 
that we find in tuberculosis, both regenerative and degenerative. They 
also show in some instances the increase of monocytes in patients with 
good as well as with bad prognoses. They also demonstrate the low 
lymphocyte counts in cases with bad prognosis and the high lympho- 
cyte counts in those with a good prognosis. Again, they show the drop 
in lymphocytes with spread of the disease and the increase in lymphocytes 
with improvement of the case. The eosinophiles have been varied. 
The prognosis in general, from the standpoint of the blood picture, 
depends mainly upon the degree of the shifting of the neutrophilic 
leucocytes to the left and the variation in the number of lymphocytes. 
High lymphocytes with slight shifting of the neutrophilic leucocytes is 
a sign of good prognosis, while low lymphocytes with a marked shifting 
of the neutrophilic leucocytes to the left indicates a bad prognosis. 


CLINICAL TUBERCULOSIS 


In this section I wish to discuss 59 cases of pulmonary tuberculosis 
in which I made a diagnosis of clinical activity at one time, with the 
exception of three cases that gave me a positive history of having had a 
diagnosis of activity made by other physicians several years prior to my 
first examination. 

In these three cases I had no evidence, except roentgenographic, that 
they had had a tuberculous infection. Their clinical history did not 
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convince me that they had ever suffered from active clinical pulmonary 
tuberculosis. All three were cases of functional neuroses. The X-ray 
showed slight parenchymatous changes. The patients had no symp- 
toms referable to active pulmonary tuberculosis and were without fever. 
All three cases presented a negative blood picture, that is, they showed 
no shifting to the left of the neutrophilic leucocytes. 

Forty-six cases were definitely active clinical cases of pulmonary 
tuberculosis, with fever and constitutional symptoms. They all showed 
an infectious blood picture according to the Schilling differential method. 
This leaves 13 cases that displayed a noninfectious blood picture, and 
in which there were no signs of active tuberculosis. Of these there were 
ten in which at one time or another I had made a definite diagnosis of 
active pulmonary tuberculosis, and which have been under observation 
from one to six years. The remaining three cases are those mentioned 
above. All of these 13 cases show a negative infectious blood picture, 
and are all doing well. They are classified as arrested and apparently 
cured, according to the National Tuberculosis Association classification. 

Short histories of the 10 cases, in which I once made a diagnosis of 
clinically active tuberculosis and which now have a negative blood 
picture, are as follows: 


Case 00165: This patient had tuberculous lymph nodes of the neck about 
twenty years ago and pulmonary tuberculosis about fifteen years ago. He 
weighed over 200 pounds three years ago. Two and one-half years ago he 
had his right kidney removed, and this proved pathologically to have been 
tuberculous. I have observed the patient since September, 1926, and he has 
been followed by a genitourinary specialist for the same length of time. 
His bladder is normal. He has no fever and with the exception of a functional 
neurosis seems to be well. His blood picture is negative. 


Case 00243: Two and one-half years ago this patient was diagnosed as having 
active pulmonary tuberculosis, with. positive sputum. She was put to bed 
for several months and did no work whatever for a year. She has been under 
my personal observation since April, 1927, and is now doing her own house- 
work. She has had no symptoms whatever and her blood picture is negative. 


Case 00076: I saw this patient in November, 1926, when she had active pul- 
monary tuberculosis and a positive sputum. She has been working for the 
last year without any symptoms. She is a nurse and is married. She was in 
an automobile accident in January, 1928. She is now perfectly well and her 
blood picture is negative. 
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Case 00025: This patient was examined by me in 1923 as an active haemopty- 
sis case. He was put to bed for six months and has been working ever since, 
without any symptoms and is apparently well. His blood picture is negative. 
There was no bacteriological evidence in his case to prove it as tuberculous, 
but clinical findings and X-ray pictures were positive, and the patient had 
fever. The sinuses were ruled out as the cause of his haemoptysis. 


Case 00118: This patient was an active haemorrhage case with positive sputum 
in 1922. He was in bed eight months and did no work whatever for twelve 
months. He has now been working for five years, and seems to be well 
except that occasionally he has a small haemoptysis, yet he has always con- 
tinued at work in spite of this. His blood picture is also negative. After 
each haemorrhage his blood has been examined and found to be negative. 


Case 00174: This patient was seen in 1922, having advanced pulmonary tuber- 
culosis at that time. After six or seven months’ bed-rest she underwent 
artificial pneumothorax, her lung was collapsed for six months, and she had a 
pleural effusion. There was a partial collapse for about a year. The patient 
has been working for the past three and one-half years. She has been married 
since May, 1926, has a child twelve months old, is doing her own housework, 
and feels well. Her blood is persistently negative. This patient had a 
positive sputum. 


Case 00172: This patient was seen in 1922. She was an active haemorrhage 
case, and with positive sputum. Put to bed for nine months she did no work 
for a year and a half. For the last four years she has been doing her own 
housework without any symptoms and is apparently well. Her blood is 
persistently negative. 


Case 00039: This patient has been under observation since 1922. He had 
positive sputum, but was never put to bed. His temperature was 99.2° to 
99.4°F. His blood in the past two years has been persistently negative. 
The patient is well, has gained about 30 or 40 pounds, and has never stopped 
working in spite of his positive sputum. However, he was very codperative 
in taking rest after working hours and spending all holidays in bed. 


Case 00052: This patient was seen for the first time in 1921 with advanced 
pulmonary tuberculosis, and sputum positive. She was in a sanatorium for 
over a year. For the past five years she has been working without any symp- 
toms. Her blood is persistently negative. 


Case 00043: This patient was seen in 1923. He had positive sputum and 
advanced pulmonary tuberculosis of both upper lobes. He was put to bed for 
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six months. He has been working for the past four years and is feeling per- 
fectly well. He has been married and shows no evidence of active tuberculosis. 


To sum up: The summary of these 59 cases is as follows: All definitely 
active cases of pulmonary tuberculosis have a positive infectious blood 
picture according to the Schilling method. The 3 cases, in which a 
diagnosis of tuberculosis was made by other physicians several years 
ago, show at present insufficient evidence for a diagnosis of tuberculosis 
except by X-ray. These three also had a negative infectious blood 
picture. 

In the other 10 cases of pulmonary tuberculosis the bacteriological 
evidence was sufficient in all but one case, and that an haemoptysis case 
with positive X-ray. All have a negative infectious blood picture. 
From their history and the amount of work they are doing one certainly 
cannot make a diagnosis of active clinical disease, and they have been 
under observation a sufficient length of time to rule out clinical activity. 
Whether they are potentially active or not cannot be determined without 
further aid, especially tuberculin. At least from a clinical standpoint 
these 59 cases agree thoroughly with the blood picture. 


TUBERCULIN AND BLOOD DIFFERENTIALS IN DIAGNOSIS 


A shifting of the neutrophilic leucocytes to the left in active clinical 
tuberculosis was first shown by Arneth almost twenty-five years ago. 
This change in the differential blood count is due to a focal reaction at 
the site of tubercle. The absorption of tissue products carried to the 
bone-marrow causes cellular changes in the circulating blood. Arneth 
was also first to show that such changes can be produced in tuberculous 
individuals by the administration of tuberculin subcutaneously. . These 
were important observations. 

We all. believe that general tuberculin reactions depend upon focal 
reactions. To quote A. K. Krause: “Tuberculin effects on the body 
which we observe in practice are focal effects. Tuberculin action that 
manifests itself to us is a focal reaction. Tuberculin tolerance is focal 
tolerance.” Tuberculin therefore becomes an indispensable agent in 
determining focal activity or focal tolerance. There are many cases of 
clinical tuberculosis that give us the greatest amount of difficulty when 
it comes to a decision as to activity. There are a great number of pa- 
tients in whom we cannot determine whether they have active clinical 
tuberculosis or whether they have clinical tuberculosis at all. We have 
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all seen cases of clinical tuberculosis which are apparently cured but in 
which we still find many physical signs or local symptoms. In order 
to determine the possibility of exacerbations or of complete healing, 
tuberculin is invaluable. To quote Krause again: 


Tissues may be damaged by local effects of tubercle in a way that precludes 
complete restitution to normal. Local symptoms may therefore persist after 
tuberculous infection has died out or after anatomic repair is concluded. They 
may therefore continue after arrest of clinical activity. But the possibility 
of inactivity cannot be entertained as long as constitutional symptoms are 
manifest or can be induced. Constitutional symptoms become therefore our 
best indicator and guide of activity and it is these which may illumine the 
indefinite and shadowy line between the actual and potential patient. 


For several years I have attempted to approach this problem of 
constitutional symptoms, manifest or induced. After considerable 
study I believe the blood differential according to the Schilling method 
is the greatest guide to manifest constitutional symptoms. Other 
infections may give blood pictures similar to those seen in tuberculosis. 
Therefore it becomes at once evident that we must rule out every other 
type of infection as the cause of the blood picture. At the same time 
we must be able to elicit manifest constitutional symptoms of tubercu- 
losis in such an individual before we can entertain tuberculosis as the 
infection responsible for the blood picture. 

Tuberculin is the only specific agent which we can rely upon to cause 
a specific focal reaction with constitutional symptoms and at the same 
time characteristic blood changes of tuberculosis. In short, tuberculin 
is our best agent in inducing focal activity. All general tuberculin 
reactions are associated with a shifting of the neutrophilic leucocytes to 
the left. Positive blood pictures therefore become our greatest guide in 
manifest or focal activity. Positive blood pictures are always present 
in active clinical tuberculosis. They are occasionally found in induced 
focal tuberculin reactions not accompanied by fever. Therefore, the 
blood is a more accurate guide than the thermometer in the diagnosis of 
induced focal activity and constitutional tuberculin reactions. If we 
accept Krause’s words, “But the possibility of inactivity cannot be 
entertained as long as constitutional symptoms are manifest or can be 
induced,” we cannot accept completely healed tuberculosis in the 
presence of a positive blood picture after tuberculin. The negative 
blood picture eliminates active manifest clinical tuberculosis but not 
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potential focal activity. A negative blood picture following tuberculin 
eliminates focal activity and potential focal activity. A positive general 
tuberculin reaction or a positive blood following tuberculin proves 
induced focal activity and establishes potential focal activity. 

Before analyzing the tuberculin cases, a few remarks’ are necessary 
concerning the technique and the tuberculin employed. 


In all of the cases the same stock dilution was used. Dilutions were not made 
for each case. Mulford dilutions were used throughout and the same used in 
all cases. The routine technique was 0.1, 1.0, 5.0, and 10.0 mgm., given at 
forty-eight-hour intervals. Two-hour temperatures were taken day and night 
for thirty-six hours, and after this every two hours during the day for thirty- 
six hours more. Blood smears were made just before and twenty-four or 
forty-eight hours after injection. The tuberculin was tested against active 
cases of tuberculosis. In about one-third of the cases a second 10 mgm. of 
tuberculin was given. Asa result of the blood differential count it was found 
possible to eliminate the smaller doses and in many instances to go right ahead 
with 10 mgm. of tuberculin as the initial dose. No bad results were seen and 
the only two severe reactions obtained were in two cases of lymph-node 
tuberculosis. The blood differentials have aided materially in deciding the 
initial dose of tuberculin. 


TUBERCULIN POSITIVE CASES 


In this series there are 19 cases (see table 3) which show a positive 
general tuberculin reaction and one with a doubtful general reaction to 
10 mgm. or less of Old Tuberculin. 

In every instance the general tuberculin reaction was followed by a 
shifting to the left of the neutrophilic blood picture. Most of the cases 
also showed a drop in lymphocytes and an increase in monocytes, but 
this was not a regular feature. In many instances a drop in lymphocytes 
was the first thing that was noticed with the smaller dilutions. A drop 
in lymphocytes occurred before the fever reaction with the larger doses. 
All fever reactions were accompanied by a shifting to the left of the 
neutrophilic blood picture. 

Twelve definitely clinical cases of pulmonary tuberculosis represent 
the first group. Ten of these cases were definitely active clinically. 
They had a positive blood picture before and after tuberculin. Two 
cases were of doubtful clinical activity, and one of these would be classi- 
fied with our ordinary classification as an apparently cured, and the 
other as an arrested case. Neither of these cases showed a positive 
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blood picture before tuberculin, but both of them had a positive blood 
picture after tuberculin. They have been classified as potentially active 
clinical pulmonary tuberculosis. The other 10 cases were of definitely 
active clinical pulmonary tuberculosis. 

In the second group there were two cases of tuberculosis of the eye 
diagnosed clinically. One of these showed a positive blood picture, and 
the other a negative blood picture before tuberculin. They both reacted 
to tuberculin, and both showed an infectious blood picture after tuber- 
culin. One of these patients was treated almost a year and has made a 
clinical recovery. He fails to react to 10 mgm. of Old Tuberculin, and 


TABLE 3 

8 

8 

Clinical pulmonary tuberculo- 

12 10 10 ta 218 0 
Tuberculosis of eye........... 2 2 1 1 2 2 0 2 0 
Tuberculosis of lymph nodes...| 2 2 2 0 2 2 0 2 0 
Fistula-in-ano................ 1 0 0 1 1 1 1 1 0 
Spontaneous pneumothorax. .. 1 0 0 1 1 1 0 1 0 
Incipient pulmonary tubercu- 

1 0 0 1 1 1 0 1 0 
1 0 0 1 1 ? 0 0 1 

20 14 13 7 | 20 | 19 3 | 19 1 


has gained weight and shows no blood change before or after 10 mgm. 
of Old Tuberculin, and is working. The other case of ocular tuberculosis 
is under observation only ten months, and no conclusions can be drawn 
at this time as to the further clinical course. To date the patient’s 
vision has improved remarkably; he is an engineer and does considerable 
drawing and desk-work. 

In the third group there are two cases of tuberculosis of the cervical 
lymph nodes. Both of these showed an infectious blood picture, and 
both had a positive general tuberculin reaction with a positive blood 
picture following tuberculin. In the next case we have a patient with 
a fistula-in-ano. This patient had a negative blood before tuberculin. 
After 10 mgm. of Old Tuberculin she had a general reaction and a 
focal reaction with moisture in the left apex. The blood was positive 
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after 10 mgm. of tuberculin. This patient has been followed about a 
year, has gained considerably in weight, and within the last month has 
been reéxamined with tuberculin. She now fails to react to 10 mgm. 
of tuberculin and to get a blood change after 10 mgm. of tuberculin. 
She is now classified as having healed clinical pulmonary tuberculosis. 

In the next case we have a patient who had a spontaneous pneumo- 
thorax several months ago. His blood at the time of examination, when 
the lung was completely expanded, was negative. His tuberculin reac- 
tion was positive, local and general, and his blood was positive after 
tuberculin. 

The next case is a patient with an incipient pulmonary lesion, diag- 
nosed by X-ray. Her father and brother are both open cases of pul- 
monary tuberculosis, and this patient is over 30 pounds underweight. 
She had a negative infectious blood picture before tuberculin, but is a 
local and general reactor to 10 mgm. of tuberculin and has a positive 
infectious blood picture following 10 mgm. of tuberculin. 

The next case represents an ex-soldier who says he had a diagnosis of 
tuberculosis made some few years ago and that he is now diagnosed by 
the Government physicians as having bronchitis. He had a negative 
blood picture and says that, following 10 mgm. of tuberculin, he had a 
temperature of 99.6°. His blood, however, was negative after 10 mgm. 
of tuberculin. There was nothing in the X-ray, physical examination, 
tuberculin or blood to make me suspicious that he had active clinical 
pulmonary tuberculosis. I am sure that this patient wanted com- 
pensation, and the general tuberculin reaction cannot be taken as 
established unless it is done in a hospital with a nurse recording the 
temperature. 

This series establishes the fact that clinically active cases of tubercu- 
losis show an infectious blood picture with the Schilling method. It also 
shows that all active cases of tuberculosis react to 10 mgm. or less of 
tuberculin, and, too, that every general tuberculin reaction with fever 
is followed by an infectious blood picture. There is only one patient 
who reacted to 10 mgm. of tuberculin with a positive blood picture that 
did not show definite evidence of clinical pulmonary tuberculosis, and 
that patient was markedly underweight and had a history of tuberculosis 
in both her father and brother. 

In the past nine years I have had five such patients develop active 
pulmonary tuberculosis following grippal attacks and acute respiratory 
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infections. These patients were under observation for a period of three 
years, and finally developed active pulmonary tuberculosis when they 
had nothing more than a general positive tuberculin reaction. I have 
had one similar experience with a negative tuberculin reactor. This 
patient showed a positive blood after tuberculin, however. 

In the 19 cases that had a definite general reaction, a focal activity 
was also shown as evidenced by blood differentials. The blood was posi- 
tive following the general tuberculin reaction, with the exception of one 
case, the ex-soldier who had a questionable general reaction and a nega- 
tive blood following tuberculin. 

I think the evidence here of the value of tuberculin is well demon- 
strated as well as that of the blood differential counts before and after 
tuberculin. When the cases showed a negative blood picture before 
tuberculin and a positive blood picture after tuberculin, they were 
classified as having potentially active clinical tuberculosis. When they 
failed to react to 10 mgm. of tuberculin and also to get a neutrophilic 
blood change after tuberculin, they were classified as with healed 
clinical tuberculosis. 

In this series there were no cases in which the blood was positive and 
the fever negative after tuberculin. In such an event the case would be 
classified as apparently healed clinical tuberculosis. Such a case will be 
reported under the negative general tuberculin reactors. 


EXAMPLES OF BLOOD DIFFERENTIALS FOLLOWING TUBERCULIN 


In table 2 we have the following cases to demonstrate the effect of 
tuberculin with blood differential counts: 


Case 00181: This patient was seen for the first time in February, 1927, with 
a degenerative blood picture and high lymphocytes. The monocytes were 
normal. The patient was selected purely on an experimental basis, believing 
that she could tolerate, in spite of her positive sputum, a large dose of tuber- 
culin. She was given 10 mgm. on her initial dose and, following the tuberculin, 
a characteristic blood picture was observed, with an increase in monocytes, 
a marked drop in lymphocytes, and a marked increase in stabkernige cells. 
This patient was put to bed for several months and her last blood picture was 
taken in June, 1928. It showed a normal differential count except for a high 
number of lymphocytes. This patient has been doing her own housework 
since September, 1927, and on last examination in June, 1928, she was in 
excellent health. 
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Case 00073: This patient has been under observation off and on for eight 
years, and I saw her again after a lapse of nearly two years on November 1, 
1926. At that time she had no fever, and had a noninfectious blood picture 
except for a high monocyte count which I interpreted as possibly a stage in 
healing. The patient was also selected for experimental purposes to show 
that she could tolerate 10 mgm. of tuberculin without any serious damage. 
She failed to get any fever whatever and had a very marked change in blood 
picture. The monocytes dropped and her lymphocytes took a decided fall 
also, with an increase in the stabkernige cells. This was in November, 1926. 
In January, 1927, the patient had a little brownish sputum, but no fever, and 
had been working since November, 1926. She gained weight steadily, and 
her temperature was always normal. In the latter part of January, 1927, she 
again brought up some brownish sputum, though she had a normal temperature 
and a normal differential count. Early in February, 1927, the blood count 
was normal except for high monocytes. In September, 1927, the patient had 
streaked sputum with a temperature of 99°F. for two days and then her 
temperature became normal. The blood differential count was normal. In 
January, 1928, the patient had a severe haemorrhage, and showed a slightly 
infectious blood picture. From January 9, 1928, to January 21, 1928, the 
blood picture was more severe, and the temperature 99.6°. The patient had 
another severe haemorrhage on January 26, 1928, and on February 2, 1928, 
I decided to do artificial pneumothorax on the right side. I was unable to 
get a complete collapse after several trials. The temperature was normal, 
and the blood count, taken February 20, 1928, showed a normal differential 
count, and the weight was normal. X-ray pictures, taken in February, 
indicated an increase of the disease throughout the right lung. This case 
demonstrates very clearly that a patient may have a normal temperature and 
fail to react constitutionally to tuberculin with fever, yet the blood differ- 
ential count be definitely changed after 10 mgm. of Old Tuberculin and the 
case be classified as apparently healed tuberculosis. This is one of the few 
cases that I have seen in which the blood was positive and the temperature 
negative, and the patient later developed a definitely active pulmonary 
tuberculosis with spread of the disease. She was in comparatively good 
health except for haemoptysis. 


The next case, R. M., was seen in March, 1927. When put to bed for nine 
months she had a very remarkable gain in weight. Her temperature was 
normal and the blood differential became normal. She had tuberculous 
laryngitis, and was selected as a case for tuberculin in order to attempt to 
demonstrate a focal reaction and focal activity. The patient did not suffer 
a fever reaction until she reached 5 mgm. of tuberculin, when she had an 
increase in the monocytes and stabkernige cells. She failed to get a focal reac- 
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tion in the larynx, thus demonstrating that a case may have a general tuber- 
culin reaction without a demonstrable focal reaction although the larynx was 
definitely tuberculous. It also demonstrates the safety with which tuberculin 
can be used if controlled by blood differential counts. This patient now has 
a normal blood differential count and is working. She is classified as having 
potentially active clinical tuberculosis. The case demonstrated the typical 
rise in the monocytes, the drop in the lymphocytes, and the increase in the 
stabkernige cells following tuberculin. Her last examination in October, 1928, 
showed the patient to be in excellent health, and she has been working for the 
past six months with a normal differential. 


In the next case, S. J., the patient was put to bed in March, 1927. Tuberculin 
was used for the purpose of demonstrating its effect on the blood differential 
count. The patient reacted to 5 mgm. of tuberculin without fever but with 
a marked drop in the lymphocytes. After 10 mgm. the patient had fever, with 
a more severe drop in the lymphocytes and an increase of stabkernige cells. 
The monocytes showed no change. This case also shows the safety with 
which tuberculin can be used in the testing for focal activity, if controlled by 
blood differentials. The patient has been working for the past six months 
and is classified as one of potentially active clinical pulmonary tuberculosis. 


Case 00488: The patient came under observation January 5, 1928, with a 
diagnosis of an infection, probably tuberculous, in the anterior chamber of the 
eye. Because of the eye condition he had had a decompression operation 
done about a year ago. He was started. on tuberculin with 0.10 mgm., 
and showed a very marked change in eosinophiles, which were almost com- 
pletely wiped out. He did not get any fever reaction until given 1.0 mgm. 
when he had an increase in stabkernige cells and practically no change in the 
lymphocytes. After 5.0 mgm. he had an increase in monocytes, and with 10.0 
mgm. a still further increase in monocytes and a very marked increase of 
stabkernige cells. The main interest in this case is in the effect that the 
tuberculin had on the eosinophiles. This picture is sometimes seen in pleural 
effusions, and this patient had a clouded vitreous humor which seemed to 
improve under tuberculin treatment. He is still getting tuberculin but I 
have not had an opportunity to examine him since November 5, 1928. He 
is now receiving 0.1 mgm. of Old Tuberculin twice weekly, and, though working 
as an engineer with considerable drafting and desk-work, his vision is improving. 


From these observations with tuberculin it is obvious that we can 
cause an increase in the monocytes in some cases, a diminution in the 
lymphocytes in others, and a diminution in the eosinophiles in still 
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other cases. Every general tuberculin reaction with fever is accom- 
panied by a neutrophilic change with a shifting to the left. 

All of these changes have been observed by others experimentally in 
animals, and have been demonstrated in patients in this series. The 
relationships of these various blood pictures to the pathological picture 
of tubercle have also been described by others. It is possible, by 
correlating pathological changes with the blood picture, to gain a fairly 
accurate knowledge as to the phase of tuberculous activity of the lesion 
with which we are dealing in the individual case. The specific reactions 
that tuberculin can bring about in clinical tuberculosis are also shown, 
as well as the extreme value of tuberculin in inducing focal activity, 
together with the differential blood picture typical of tuberculosis. 
With the blood differential counts it is possible to lessen the number of 
doses of tuberculin in many cases. They allow us to go to the higher 
dosages promptly, and with a measure of accuracy that we cannot have 
with any other method. 


TUBERCULIN NEGATIVE CASES 


In this series there were 49 negative tuberculin cases, that is, forty- 
nine that failed to respond with a general tuberculin reaction to 10 mgm. 
of old tuberculin. These were studied in two separate groups, those 
showing a positive and those a negative infectious blood picture. Of 
the positive infectious blood pictures there were 26 cases with the 
following final diagnoses: 


IBTONGHITIS; 8 Mastoiditis, chronic.............. 1 
Appendicitis, chronic............. 1 
1 


In these twenty-six cases, except for three, the cause of fever and 
symptoms was definitely established as well as the cause of the infectious 
blood picture. In three cases, however, the cause of the infectious blood 
picture was not found, and they all represented abdominal cases that 
were not under observation a sufficient time to allow a final diagnosis. 
In none of these cases was there a shifting of the neutrophilic leucocytes 
to the left after tuberculin, but in three instances there was a slight 
drop in the lymphocytes following tuberculin. 
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The other group of negative infectious blood pictures are contained 
in a series of 23 cases, as follows: 


Examination for tuberculosis (no Hypopituitaryism. 1 
Functional neurosis............... 5 Nephritis and hypertension....... 1 
Healed pulmonary tuberculosis..... 1 
Apparently healed pulmonary tuber- 
1 


In this series, therefore, we have ruled out clinically active pulmonary 
tuberculosis and focally active tuberculosis with a negative general 
subcutaneous tuberculin test with 10 mgm. of Old Tuberculin, with the 
exception of one case classified as apparently healed pulmonary tubercu- 
losis. This patient had a shifting to the left of the neutrophilic leuco- 
cytes and a drop in the lymphocytes following tuberculin. 

In the latter series of negative infectious blood pictures and negative 
general tuberculin reactors there are two cases of special interest: 


The one, classified as healed pulmonary tuberculosis, case 00009, was seen for 
the first time four and one-half years ago. At that time the patient was seen 
at home because of severe haemoptysis which almost proved fatal. She had 
to be treated at home for several weeks and was then sent to a sanatorium 
where she remained about a year. She had advanced pulmonary tuberculosis 
without cavity formation, but with diffuse infiltrations in both upper 
lobes and the apices of both lowers. She improved very remarkably and 
after a year returned home. She is married, and has a baby two years old. 
A second pregnancy terminated in a miscarriage, but she has now had another 
baby without suffering any change in her pulmonary condition. She has 
been doing her own housework. Although never up to normal weight she 
has never had an infectious blood picture and she fails to react to 10 mgm. 
of tuberculin. Her blood picture, following 10 mgm. of tuberculin, is also 
negative. She is therefore classified as a healed pulmonary tuberculosis. 


The second case, no. 00073, was classified as apparently healed and has been 
previously described. This patient demonstrates beyond doubt the value of 
blood differential counts after tuberculin. She represents a small group of 
individuals, in whom we have no general reaction to tuberculin, but a positive 
blood differential after tuberculin, and who later develop active disease. 


A negative general tuberculin reaction, followed later by active 


pulmonary tuberculosis, has been observed by many. The differential 


rit 
i 
4 
at 
a 
By 
By 
if 
4 
‘ 5 
4 
| 
| 
a 


76 J. F. BREDECK 


blood count, according to the Schilling method, following tuberculin 
gives us the answer to this problem. When the blood picture becomes 
positive following tuberculin and the patient has no general reaction 
with fever the case is classified as apparently healed. I have had other 
cases, similar to the one described, to prove the value of blood differential 
counts according to the Schilling method following the subcutaneous 
use of tuberculin. In my experience I have had no cases that developed 
active pulmonary tuberculosis that had a negative blood picture follow- 
ing 10 mgm. of Old Tuberculin. A negative general tuberculin reaction 
is not as accurate a guide as the blood differential count following 
tuberculin. It is only by observing such cases of positive blood reactions 
following tuberculin over a period of years that we can draw any conclu- 
sions that even approximate accuracy. The citation of cases with 
such reactions in the blood who later on actually develop active pul- 
monary tuberculosis is the proof of the clinical value of the subcutaneous 
tuberculin test and the Schilling blood differential count following 
tuberculin. 

The results in this series are so striking that one hesitates to publish 
them. They have been so accurate as to make one feel unsafe. One 
always looks for exceptions in clinical and laboratory methods. I have 
looked for these exceptions and have not been able to find them. The 
publication of this paper was prompted by a desire to have others take 
up the method in tuberculosis and either prove or disprove the value 
of the Schilling blood differential count. It was prompted furthermore 
by a desire to have the Schilling blood differential count replace our 
Ehrlich classification which is in general use in this country to-day. 
Certainly the results obtained in this paper could never have been made 
with the old Ehrlich differential count. It is also obvious the! one 
cannot make a diagnosis of tuberculosis with a blood differential count 
alone. There are many infectious blood pictures that may be similar to 
that in tuberculosis. The blood differential count therefore cannot 
replace other clinical methods. In the course of the paper I feel that 
I have shown that the tuberculin test is a specific test; furthermore, 
that the Schilling blood differential count is simple and _ practical. 
Up to the present time we have no satisfactory classification of activity 
in tuberculosis. Individual interpretation and evaluation of symptoms 
is variable. I believe that the Schilling blood differential count, together 
with the subcutaneous tuberculin test, offers us more than anything 
else in coming to a satisfactory classification. Any method that will 
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bring clinical activity closer to a diagnosis of focal activity will make 
early diagnosis more possible, and will also make failures in treatment 
less common. It will make us more cautious in our interpretations of 
cure. It will give us insight into what cases are prone to tuberculous 
disease. It will help us explain those cases that seem apparently well 
and then suddenly come down with acute tuberculous disease. It will 
help us explain why some people with enormous involvement of tubercu- 
lous disease go through life with relatively few or no symptoms. In a 
word, it will help us to a better understanding of what we mean by 
activity, potential activity, apparently healed, and truly healed 
tuberculosis. 


CONCLUSIONS 


1. The Schilling blood differential count alone cannot establish a 
diagnosis of tuberculosis. 

2. With a diagnosis of tuberculosis established the method offers us 
the best single guide in determining the progress of the disease. 

3. It is the most delicate index we possess to interpret the phase and 
degree of focal activity. 

4. Subcutaneous tuberculin can produce all of the characteristic blood 
changes that we find in the Schilling blood differential count in active 
tuberculosis. 

5. Changes in the blood differential count after tuberculin occur before 
the fever reaction, and with smaller doses of tuberculin than those 
that induce fever. 

6. The Schilling procedure, together with the subcutaneous tuberculin 
test, constitute our most delicate and most accurate methods in the 
diagnosis of early manifest and induced focal activity. 

7. A shifting of the neutrophilic leucocytes to the left in the Schilling 
blood differential count is a constant finding in clinical active tuberculosis. 

8. The monocytes play an important rdéle in the early activity of 
tuberculosis and in the late healing stages of the disease. 

9. An increase of monocytes may be very significant as a sign of 
progression of disease or a sign of healing. 

10. Lymphocytes are also important, and show an increase with 
healing and a diminution with progression of the disease. 

11. High lymphocytes, with an increase in monocytes and with little 
or no change in neutrophiles, indicate healing. 
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12. A drop in lymphocytes and an increase in monocytes, with an 
increase in the shifting to the left of the neutrophiles, indicates active 
progression of the disease. 

13. The prognosis of tuberculosis depends upon the severity of the 
shifting of the neutrophiles to the left and the degree of changes in the 
number of lymphocytes. 


q 


RESORCINOL TESTS IN RELATION TO DISEASES 
WITHOUT CONCOMITANT TUBERCULOSIS':? 


ADELAIDE B. BAYLIS 


In 1928 in an article on the results of the Vernes flocculation test for 
tuberculosis on 250 cases (1), six conclusions were drawn, two of which 
were: 


The Vernes flocculation test is of value in the detection of active tubercu- 
losis. 

The Vernes flocculation test is in our opinion not specific for tuberculosis in 
a bacteriological sense, but it is an extremely precise and delicate test, superior 
to other serological tests which have been employed in tuberculosis. It is a 
valuable aid in the treatment of the tuberculous patient. 


In March, 1928, before the Society for Experimental Biology and 
Medicine, I presented a simplified serological test for tuberculosis (2). 
This test, while using resorcinol as a reagent, eliminated the expensive 
Vernes apparatus. The interpretations are recorded by the symbols —, 
+, ++, +++ and ++++4, and AR, which designates an atypical 
reaction found in various diseases, usually without concomitant tubercu- 
losis and recognized by the differences in character of the precipitate 
formed. ‘This method, while lacking the delicacy of the Vernes tech- 
nique, is capable of giving diagnostic information, and also serves as a 
rough guide in the prognosis and control of recognized tuberculosis. 

Baylis and MacNeal, in May, 1928, presented to the American Asso- 
ciation of Pathologists and Bacteriologists facts regarding these resorcinol 
tests for activity in tuberculosis (3). In their fourth table a correlation 
was shown between the Vernes and Baylis methods, and, while this corre- 
lation was less exact than might be expected, it is nevertheless fairly 
consistent. 

This evening I call your attention to the results obtained by the 
two methods on 156 patients suffering from various diseases without 


1 From the Department of the Laboratories, New York Post-Graduate Medical School and 
Hospital, and the Department of Medicine, Columbia University, New York City. 
2 Presented before the New York Pathological Society, New York City, February 14, 1929. 
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recognized concomitant tuberculosis, and selected from 707 sera sent to 
the laboratory for routine examination. Having in certain cases 
obtained repeated examinations, the results represent findings in 163 
tests, by both methods, on the identical specimens of serum and tested 
at the same time under similar conditions. To avoid misleading results 
all cases in which there was an apparent possibility of quiescent tubercu- 
losis or in which the diagnosis was in question, as well as the asthmatics in 
which the tuberculin treatment presents a special problem outside the 
province of the present communication, have been eliminated. 

While I feel quite as strongly that the conclusions drawn in the pre- 
liminary communication still hold, in the light of further investigation 
the clinician and serologist should be cautioned in the use of the resorcinol 
tests for differential diagnosis, when unsupported by clinical or further 
laboratory evidence. Other conditions than tuberculosis may cause 
misleading reactions and, while low optical density or + interpretations 
tend to eliminate tuberculosis from consideration, the high reactions 
need not necessarily indicate the presence of that complication. Vernes 
notes the fact that early stages of syphilis, grave bacteriaemias and neo- 
plastic conditions may give an elevated optical density. Our studies 
would place many other diseases, particularly inflammatory conditions 
of the respiratory tract, in this same category. 

The tables show the location of the tests in respect to both the Vernes 
readings (vertical position) and the Baylis readings (horizontal position). 
The Vernes scale represents milligrams of flocculation per cubic centi- 
metre (optical density), and the Baylis scale is depicted by the symbols 
from — to AR. 

Table 1 presents a tabulation of the 163 tests which will be discussed in 
their proper classification. It will be observed that all types of reactions 
have been obtained; also that in general the two methods are in accord. 

Commencing with the respiratory infections, table 2 presents 4 tests of 
bronchiectasis and 7 of bronchitis; all the cases in the — and + columns 
are virtually negative according to both reactions. The resultsin the ++ 
and +-+-+ columns would be considered distinctly positive according to 
Vernes and questionable by Baylis. The ++-+-+ column shows reac- 
tions definitely diagnostic by both methods, and one wonders as to the 
clinical symptoms and ultimate results in these patients should a thorough 
reéxamination of evidence be made. 

Table 3, with one test of pleurisy, depicts a questionable reaction by 
both methods and in no way assists the clinician in resolving the doubt as 
to a tuberculous causation. 
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Table 4 deals with eleven pneumonias, the tests holding fairly well 
together with the exception of the one Vernes 63, Baylis +. The other 


RESORCINOL TESTS 


General table 


TABLE 1 


81 


Above 109 8 3 11 
100-109 Z 2 
90-99 1 4 1 6 
80-89 1 3 4 
70-79 1 7 2 10 
60-69 1 1 1 2 1 6 
50-59 6 1 2 9 
40-49 2 1 5 2 10 
30-39 3 3 2 1 9 
20-29 10 4 3 17 
10-19 33 4 1 38 
Below 10 39 1 1 41 
Total: ...5: 85 14 4 4 15 30 11 163 
TABLE 2 
Bronchiectasis* and bronchitis 
Above 109 hs 1 
100-109 1 1 
90-99 
80-89 
70-79 
60-69 1 1 2 
50-59 1 
40-49 1 
30-39 1 1 
20-29 1 1 
10-19 3 
Below 10 
4 1 2 2 2 11 


reactions supported by the similar findings of both methods again raise 


a doubt as to the possibility of some slight concomitant tuberculosis. 
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Table 5 presents 18 cases of lung abscess, 14 of which appear by both 
methods to give definitely diagnostic reactions for tuberculosis. As all 


TABLE 3 
Pleurisy 


SCALE 


AR 


TOTAL 


Above 109 

100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 

20-29 

10-19 
Below 10 


TABLE 4 


Pneumonia 


SCALE 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


3 


11 


these cases were of nontraumatic origin, one is justified in questioning 
whether nontraumatic lung abscess may not be of a tuberculous nature, as 


has been claimed by certain authorities. 
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2 1 3 
1 |: 1 
1 1 
1 1 
| 1 1 
30-39 1 1 
! 20-29 
10-19 
Below 10 2 1 ry 
Total......| 3 1 4 
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Table 6 shows 9 tests on syphilitics, giving negative results by both 


methods, well correlated. 


Lung abscess 


TABLE 5 


SCALE 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 

20-29 

10-19 
Below 10 


11 


18 


TABLE 6 
Syphilis 


SCALE 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


Table 7 shows 20 cases of cardiac disease presenting a picture difficult to 
interpret or explain. The results of the two methods are not well’ 


| 
2 2 
2 1 3 f 
2 2 
3 1 4 ij 
1 1 2 
1 1 
1 1 1 3 ‘ 
| | 
Total...... 1 1 2 3 
30-39 
20-29 1 1 2 "7 
10-19 1 
Below 10 5 1 6 q 
1 1 9 
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correlated and are scattered over the chart. The two cases with repeated 
tests are of no assistance. One with tests made February 17, December 


TABLE 7 
Cardiac 


SCALE 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 

20-29 

10-19 
Below 10 


on 


10 


TABLE 8 
Neoplasm 


SCALE 


+ 


44+ 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 

20-29 

10-19 
Below 10 


27 and the following January 11 is at all times negative. 


in January, was suffering from a severe cold on the latter date. 


The other 
patient, tested December 22 and January 31, with the increased reaction 


2 2 
1 1 
| 1 1 

1 1 
2 1 
2 1 

1 
3 
Total......| 3 1 1 1 3 1 20 

1 1 
2 2 
1 1 
1 
1 
1 1 2 
Total......| 2 1 2 3 1 9 
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Table 8 with 9 tests on neoplastic conditions upholds Vernes’s observa- 
tions regarding their false reaction. 


TABLE 9 
Diabetes 


SCALE 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


TABLE 10 
Renal 


SCALE 


AR 


TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 

20-29 

10-19 
Below 10 


ail 


Table 9: The eleven tests done on diabetics show seven to be negative 
by both methods. Beyond the fact that the majority are true to the 
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concepts of the reaction and that the two methods compare favorably, 
the graph presents no particular help. 
TABLE 11 
Arthritis 


Above 109 

100-109 
90-99 
80-89 


70-79 
60-69 
50-59 1 1 
40-49 


30-39 
20-29 1 1 
10-19 

Below 10 


Total... 1 1 4 


TABLE 12 
Pernicious anaemia 


SCALE - + ++ +4+4+ +4+4+ AR TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 1 1 


Table 10: Renal cases with 8 tests all negative, and both methods well 
correlated, are without special interest. 


30-39 
20-29 1 1 
10-19 
Below 10 4 4 
Total... 5 6 
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Table 11, with 4 tests on arthritic patients, leads to confusion. While 
the two methods are correlated, it is evident that we are dealing with 
some unknown substance in the serum which causes the widely varying 
results. 

Table 12: Pernicious anaemias with 6 tests. One case with three 
examinations, two of which are of a frankly negative nature, shows a rise 
to +45 while suffering from acute lead poisoning. Another case with 
two examinations is negative in both instances. Nothing of interest 
can be gained from this table beyond the fact that each method confirms 


the diagnosis of the other. 
TABLE 13 
Malnutrition 


SCALE = ots AR TOTAL 


Above 109 
100-109 
90-99 
80-89 


70-79 
60-69 
50-59 
40-49 


30-39 
20-29 
10-19 1 2 
Below 10 5 5 


Total... 6 8 


Table 13, on the other hand, is particularly helpful. It shows eight 
cases of malnutrition, all with negative results by both methods. This 
condition may or may not be an indication of tuberculosis. When both 
tests are well correlated and negative results are obtained, one can feel 
security in attributing the patient’s condition to a cause other than 
tuberculosis, especially as numerous results of high optical density with 
+-+-+-+ reactions on other malnutrition cases have been confirmed by 
a subsequent development of recognizable clinical signs of tuberculosis. 

Table 14 presents 48 tests of unclassified diseases. Thirty-eight of 
these fall within the negative zone by both methods, which confirm each 
other. The other ten tests, while fairly well correlated as to methods, do 
not conform to the concepts of Vernes or Baylis. 
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When one observes pharyngitis, Hodgkin’s disease and influenza, there 
may be a justifiable doubt as to the ultimate development after the 
existing dominant symptoms have subsided. Inflammatory rheumatism, 
brain tumor and bacteriaemia naturally fall into the class originally 
observed by Vernes. 


TABLE 14 
Miscellaneous 

SCALE + H+ +++ AR | toraL DISEASE 

140 1 1 | Inflammatory rheumatism 

134 1 1 | Brain tumor 

98 1 1 | Bacteriaemia 
70-80 3 3 | Pharyngitis, Hodgkin’s disease, 

sciatica 

50-60 1 1 1 3 | Dermatitis, pemphigus, influenza 
40-49 1 1 | Pharyngitis 
30-33 2 2 | Poliomyelitis, thyroid 


22-29 4| 3 7 | Salvarsan arm, neurosis, trichino- 
sis, myelitis, emphysema, 
hysteria, alcoholic 


20 | 1 | Mental 
19 2 2 | Jaundice, hepatic 
16 1 1 | Cholecystitis 
10-15 11 11 | Nerve, hemiplegia, brain tumor, 
glaucoma, chorea, gall-stones 
9 2 2 | Meningitis, mental 
8 z 2 | Thyroid, eczema 
7 1 1 | Gastric 
6 1 1 | Sciatica 
5 2 2 | Gastric, endocrine 
4 3 3 | Endocrine, brain abscess, colitis 
2 1 1 | Tonsillitis 
0 2 2 | Gastric, coeliac 
Total...| 35; 3 2 5 3} 48 


From the above tables one may draw certain conclusions without 
affecting the premises taken in the preliminary communication, which 
further studies confirm and which I feel should be stressed. As a guide 
to the treatment of tuberculosis, especially in regulating the mode of life 
in relatively quiescent cases, and as an indication for a reéxamination of 
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clinical evidence in doubtful diagnosis, or unsuspected tuberculosis, the 
resorcinol tests hold a unique place in the serological field. Here we have 
the means to estimate the degree of activity of the disease and not, as in 
many of the existing tests, a method merely to indicate the presence of 
tuberculosis, irrespective of its activity. 


CONCLUSIONS 


1. The methods of Vernes and Baylis are in most instances in accord, 
and while the simplified test lacks the precision and delicacy of interpre- 
tation it may be used with satisfactory results when, and only when, 
the apparatus of Vernes is not available. 

2. Certain diseases may give false reactions, and caution should be 
exercised in diseases without concomitant tuberculosis when a diagnostic 
result appears, this being especially applicable to inflammatory condi- 
tions of the respiratory tract. These findings should be supported by 
clinical evidence and further laboratory examination of a microscopical 
nature or animal inoculation. 

3. While the resorcinol tests are capable of rendering in many instances 
a differential diagnosis, their chief value lies in their ability to measure 
the degrees of activity in a recognized tuberculous infection. 
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SUBCUTANEOUS EMPHYSEMA SIMULATING 
PNEUMOTHORAX?! 


JEROME R. HEAD 


That collections of air beneath the soft tissues of the chest-wall should 
produce the same physical signs as air within the pleural cavity is a 
logical assumption. In both conditions there is a similar obstacle in the 
path of sound conduction. The possibility that this might be the case 
was recently suggested by examination of two patients who had recently 
undergone resection of the posterior segments of the upper ribs as the 
final stage of an extrapleural thoracoplasty. In each instance the physi- 
cal signs over the upper anterior thorax were typical of pneumothorax. 
The percussion note was extremely tympanitic, the breath-sounds absent, 
and the voice sounds greatly diminished. The roentgenographs showed 
no evidence of pneumothorax, but, in spite of this, aspiration was per- 
formed in the belief that the air lay only anteriorly. In both cases 
aspiration was negative. Palpation over the tympanitic areas produced 
crepitation, and it was further observed that the tympanitic note could 
be elicited by very light percussion, lighter than one would deem sufficient 
to bring it out were the air within the pleural cavity. For these reasons 
it was assumed that the signs were produced by the air which had mi- 
grated from the operative field into the subpectoral tissue spaces and had 
there accumulated in definite pockets. 

Whether or not air in the tissues of the chest-wall could produce such 
signs seemed open to question. Resort was consequently made to animal 
experiment. A dog was placed upon the operating board and the anterior 
half of the thorax shaved. The two sides were then examined by per- 
cussion and auscultation to determine the character of the signs in the 
different areas. Thirty cubic centimetres of air were then injected into 
the right subpectoral space and the physical examination repeated. Over 
the area into which the air had been injected there were present the same 
physical signs as were noted in the cases which gave rise to the question,— 


1From the Department of Surgery of the University of Illinois College of Medicine, 
Chicago, Illinois. 
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namely, tympany and diminished breath-sounds. The only thing 
which distinguished the signs from those found over a pneumothorax 
was the ease with which the tympanitic note could be elicited with 
even the lightest percussion. 
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THE REPRODUCTION OF TUBERCULIN HYPERSENSI- 
TIVENESS IN GUINEA PIGS WITH VARIOUS 
PROTEIN SUBSTANCES! 


L. DIENES anp E. W. SCHOENHEIT? 


Protein sensitization in tuberculous animals presents special character- 
istics which we do not observe in nontuberculous animals. Under ap- 
propriate conditions we can produce local reactions in the guinea pig 
with egg-white, horse-serum, and several other protein substances, 
which are not distinguishable from a tuberculin reaction. So far we have 
left it open as to whether these reactions represent the reproduction of the 
tuberculin type of hypersensitiveness. The evidence which accumulated 
in the course of our work makes this very probable. In this paper we will 
review the observations concerning both protein sensitization and the 
tuberculin reaction, which point in this direction, and we will discuss cer- 
tain consequences of these observations for the study of tuberculosis. 
We produced sensitization similar to that produced with egg-white, also 
with horse-serum, sheep-serum, egg-globulin, and timothy pollen. As 
most of our studies were made with egg-white we shall usually refer to 
this antigen. 

The difierences between the protein sensitization of normal animals 
and tuberculin hypersensitiveness are well known, and several resumés 
have been published concerning them (1). We mention here the main 
points of the differences to form a basis for our following discussion. 
Protein hypersensitiveness develops readily after treatment of the animals 
with dissolved protein substances. The most important manifestation 
of this sensitization is acute anaphylactic shock. The local reaction 
(Arthus phenomenon) develops shortly after the test injection and 
reaches its maximum development in a few hours or within 24 hours. In 
guinea pigs the local reactions are slighter than in rabbits, and tissue 
injury is not present. In rabbits very extensive oedema is present in 
the strong reactions, with central necrosis. Both the local and the gen- 


1 This paper was presented (with some omissions) at the annual meeting of the American 
Association of Immunologists, Washington, D. C., April 30, 1928. 
2 Von Ruck Research Laboratory for Tuberculosis, Asheville, North Carolina. 
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eral sensitiveness can be passively transferred with blood-serum. A sensi- 
tiveness similar to tuberculin sensitiveness cannot be reproduced with the 
injection of dissolved protein substances. It develops readily in the 
chronic infectious diseases, and we can reproduce it only with such 
bacterial preparations as reproduce also the characteristic tissue changes 
of the infection. There is no connection between it and acute anaphy- 
lactic shock, and after the injection of large amounts of tuberculin the 
animal dies always after a longer period of incubation, without the symp- 
toms of anaphylactic shock. The local reactions develop also after an 
incubation period, and in the strong reactions permanent tissue injury is 
present. Guinea pigs develop strong, and rabbits only moderate sensi- 
tiveness. The development of the tuberculin type of sensitiveness is not 
connected with the presence of antibodies in the blood-serum, and cannot 
be passively transferred with the serum. It was formerly generally ac- 
cepted that the active substance in the tuberculin is not a protein, and 
is not an antigen in the usual sense of this word. At present we cannot 
attribute much importance to the characteristics of the specific substances 
of the tuberculin, as according to recent investigations its protein nature 
is very probable, and antigens with similar characteristics were found 
in several bacteria. 

When we first observed (2) that tuberculous guinea pigs, after treat- 
ment with egg-white, gave large necrotic skin reactions with egg-white, 
the sensitiveness in the majority of cases was similar to the Arthus phenom- 
enon in rabbits. The skin reactions appeared shortly after the tests 
were made; intravenous injection killed with typical anaphylactic shock; 
the subcutaneous injection caused not death, but extensive necrosis; and 
precipitins were in abundance in the blood-serum. In exceptional cases 
more resemblance was present to the tuberculin reaction, as the skin 
test appeared delayed and precipitins were not present, and also with the 
blood-serum only the type of sensitiveness was transferred which we ob- 
served in normal guinea pigs without necrosis in the skin test. 

The most important step in the study of this sensitiveness was the 
recognition (3) that the development of a sensitization with necrotic skin 
reactions was in close connection with the tuberculous lesion. We ob- 
served that the subcutaneous injection was effective only in exceptional 
cases, and we obtained necrotic skin reactions more often when the egg- 
white was injected directly into the tuberculous lesion. It seemed to us 
significant that the success of the treatment depends upon the special 
conditions prevailing in the organism. Usually the majority of the 
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guinea pigs of an experimental series reacted to the treatment in a similar 
way. In certain series the subcutaneous injection was very effective; in 
another series only injection into the lesion; and in still others we could 
not obtain sensitization with necrotic skin reactions. After several trials 
we found (4) that when, a few days before the injection of egg-white, we 
injected into the lesion one or two large doses of killed tubercle bacilli 
we regularly obtained positive results. It is of interest that the sensiti- 
zation (with necrotic skin reactions) so obtained is often of short duration 
(lasting only a few days) and gives place to the usual protein sensitization. 
When we obtained positive results without preparatory injection of killed 
tubercle bacilli this sensitiveness usually persists a long time. These 
observations point also to the fact that the special conditions prevailing in 
the lesion at the moment of egg-white injection decide whether or not a 
sensitiveness characterized by the tuberculin type of reaction will de- 
velop. There is a complete agreement concerning the conditions of the 
production of this tuberculin type of sensitiveness with egg-white and of the 
tuberculin sensitiveness, as the production of both ts intimately connected 
with the function of the tuberculous tissue. 

When the guinea pigs are sensitized with small doses of egg-white 
injected into the tuberculous lesions the skin tests, made immediately 
after the appearance of the sensitiveness, have specific characteristics 
(3), and the reactions appear delayed and are not distinguishable from 
a tuberculin reaction. Usually we can find no precipitins in the blood- 
serum, or we find them only in traces. Later, sometimes within a few 
days, we find that the reaction begins to develop immediately after the 
test injection, and often 30 to 60 minutes after the injection a dark violet 
central area is present in the tests. The blood-serum contains precipi- 
tins in abundance. In the beginning of our work we were embarrassed 
in the interpretation of these observations, as the simplest explanation 
that the usual protein sensitization is superimposed on the sensitiveness 
of the tuberculin type seemed unlikely, as the early dark violet discolor- 
ation seemed to be a characteristic of the strong tuberculin type of 
reactions. Later we observed that the early dark violet discoloration 
in the test is the expression of a high grade of protein sensitiveness of the 
usual type, and corresponds to the Arthus phenomenon in rabbits. 

We often find this type of reaction in those tuberculous animals which 
after intensive treatment do not develop the tuberculin type of sensitive- 
ness. Shortly after the tests are made a large soft swelling develops, 
with central dark violet discoloration. In a few hours the violet area 
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begins to turn red, and after 24 hours entirely disappears. Sometimes, 
more often when we skin-test the guinea pigs with larger doses of egg- 
white (0.5 mgm. instead of 0.1 mgm.), a part of the dark violet area turns 
necrotic, but also in these cases there is no induration present in the sur- 
rounding tissue. Beside the tuberculous animals we observed similar 
reactions in guinea pigs treated intravenously with egg-white and india 
ink, and also when large doses of coagulated egg-white were injected 
intraperitoneally. 

We have direct evidence that the usual type of protein sensitization 
which develops after the appearance of the tuberculin type of sensitive- 
ness is independent of the latter. The first evidence is furnished by the 
passive-transfer experiment. When we inject into new guinea pigs large 
doses of serum, rich in precipitins, of such guinea pigs as show necrotic 
reactions, with the early appearance of the reaction the passively sensi- 
tized guinea pigs show large skin reactions, sometimes with the early dark 
violet discoloration, corresponding to the usual protein sensitization and 
the early reaction in the tuberculin-type reactions. This reaction is 
connected with the circulating antibodies, and through the passive- 
transfer experiment it is separated from the tuberculin type of sensi- 
tiveness. 

Another evidence is furnished by the following observation: When we 
sensitized guinea pigs with egg-white, and the early reaction begins to ap- 
pear (together with the necrotic reaction), we sometimes observe that the 
early reaction is given by crystalline egg-albumen, and not by egg-globu- 
lin, which gives the stronger tuberculin type of reaction; later the globulin 
also gives early reactions. This experiment shows also that the early 
reaction and the tuberculin type of reaction are the manifestations of two 
independent sensitizations. The simplest interpretation of the observa- 
tions concerning the local reaction is that, after the treatment of tuberculous 
guinea pigs with egg-white, under appropriate conditions a sensitiveness 
develops very similar to the tuberculin sensitiveness, but to this is added later 
the usual protein sensitization, which is not present in the tuberculin 
sensitiveness. In the observations described in our first paper on this 
subject (2), in which the guinea pigs were treated with subcutaneous in- 
jections of egg-white, we obtained only on two occasions a tuberculin 
type of reaction, without early reaction and precipitin formation. This 
was the reason why we were inclined to identify the sensitiveness which 
we observed with the Arthus phenomenon. 
Recent work has brought out several characteristics of the tuberculin 
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sensitiveness which are in good agreement with the above conclusions. 
At first, as we have before mentioned, it was recognized that the specific 
action of the tuberculin is bound to protein substances. Until recent 
years tuberculin was regarded as a substance essentially different from the 
usual antigens. The reasons for this were the very great dilution in which 
tuberculin is effective, the heat resistance of tuberculin, and the absence 
of antigen reactions with it, both ix vitro and in vivo. Besides the work 
of other authors, that of Long and Seibert (5) is of importance in this 
direction. Examining the antigenic properties of different protein prep- 
arations obtained from the tubercle bacillus, we found that four fractions 
contained distinct antigens well separable with the complement-fixation 
reaction (6). (There are indications in our observations that the antigen 
constitution of the protein substances of the tubercle bacillus is even more 
complex.) 

In the examination of the antigenic properties of the protein prepara- 
tions the main difficulty is that there are several fractions toward which 
we can obtain antibodies only under special conditions. Recognizing 
the differences in the antigenic properties of the protein fractions, we tried 
to ascertain whether there are present qualitative (not quantitative) 
differences between them also concerning the tuberculin effect. Accord- 
ing to our experience concerning the tuberculin-type protein sensitiza- 
tion, the specificity of this sensitiveness follows the antigenic specificity 
of the preparations. For instance, guinea pigs, sensitized with egg-globu- 
lin, do not react with crystalline egg-albumen. It seemed to us that when 
we find quantitative differences between the different protein fractions 
of the tubercle bacillus, also concerning the tuberculin sensitiveness, they 
will constitute considerable evidence that the tuberculin type of protein 
sensitiveness and the tuberculin sensitiveness are of similar nature. The 
experiments confirmed our supposition. 

As, according to the present conception, only quantitative differences 
are present between different tuberculin preparations, we give as an illus- 
tration a few observations taken from a recent publication (6). Guinea 


pigs 1 and 2 were injected into the tuberculous lesion several times, shortly 
n 

after the infection, with a precipitate obtained at pH 5.2 froma 20 NaOH 

extract of tubercle bacilli (after thorough ether, alcohol, and water extrac- 

tion). Guinea pigs 3 and 4 were treated in a similar manner with a watery 

extract of living virulent tubercle bacilli after precipitation of the protein 


substances precipitable with acid. This treatment of the guinea pigs 
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inhibits the development of tuberculin sensitiveness, and, as shown in 
table 1, the sensitiveness remains markedly less for the preparation with 
which we treated the guinea pig than for the other preparation. For 
the details of the experiment and for other experiments supporting our 
conclusion we have to refer to the above-mentioned paper. Our inves- 
tigations are not so complete as to enable us to tell whether all protein 
fractions with different antigenic properties will show qualititative 
differences concerning the tuberculin reaction, but certain fractions have 
shown a certain grade of specificity. 

It is remarkable that in tuberculous guinea pigs which are treated with 
the protein substances of tubercle bacilli we never observe the early 
appearance of the skin reaction as in the egg-white sensitive animals, 
although antibodies are present in abundance in the serum. When new 
guinea pigs are passively sensitized with these sera they show the typical 
early and transitory reaction of the usual protein sensitization. In the 
local reactions of the tuberculous animals the reactions of the circulating 
antibodies are inhibited, although the manner of their inhibition is at 
present obscure. 

Concerning the nature of the differences which we find in the general 
reaction between the egg-white and the tuberculin sensitiveness, we were 
not able to form a conception as clear as we succeeded in forming in the 
case of the local reactions. One reason for this is probably due to the fact 
that we did not study the general reaction systematically, as until re- 
cently we were not in possession of a method with which it was possible 
to sensitize the guinea pigs regularly. We mentioned formerly that in 
the guinea pigs sensitized with egg-white the subcutaneous injection 
of egg-white does not cause a general reaction corresponding to the 
general tuberculin reactions. In the following remarks our purpose is 
to show that in the present state of our knowledge we do not have 
to regard the absence of a reaction, similar to the tuberculin shock, with 
egg-white as a serious obstacle to the identification of the egg-white and 
the tuberculin sensitiveness. The parallelism between the strength 
of the skin sensitiveness and of the general sensitiveness to tuberculin is 
not a close one. We refer to the observations of Dorset, Henley and 
Moskey (7), who found great differences between different fractions of 
tubercle-bacillus broth in respect to their effectiveness in producing local 
and general reactions. According to our observations, guinea pigs, which 
develop very strong skin sensitiveness after intraperitoneal injections of 
killed tubercle bacilli, are less sensitive to the intraperitoneal injection of 
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killed bacteria than are slightly infected guinea pigs, which, after several 
months, have only a few lesions of small extent and slight skin sensitive- 
ness. ‘These examples are sufficient to show that the death of the tuber- 
culous guinea pig in tuberculin shock is not simply a manifestation of the 
sensitiveness which we observe in the local reactions, but is influenced in 
large measure by other factors. 

Death occurring during tuberculin shock is probably not the direct 
result of the reaction of the antigen with the sensitized tissue, as in the case 
of anaphylactic shock, but is caused by toxic products absorbed from the 
tuberculous foci. When we accept this hypothesis, it is apparent that in 
egg-white sensitization the conditions are not favorable for the occurrence 
of a similar reaction. We inject the egg-white usually into two swollen 
inguinal lymph nodes, and so a much smaller amount of tuberculous tissue 
is sensitized toward egg-white than toward tuberculin. Also, in the tuber- 
culous guinea pig shortly after the infection, when the tuberculous proc- 
ess has not extended further than the regional lymph nodes, the general 
tuberculin sensitiveness is very low. Besides this the contact of the 
egg-white with the lesion is less intimate and not as lasting as is the con- 
tact with the bacterial products. It is also probable that for the elicita- 
tion of the general tuberculin reaction the special properties of the antigen 
are of importance. We mentioned formerly the observations of Dorset, 
Manley and Hoskey, which directly show this influence. The observa- 
tions of Walzer and Grove (8), who found great differences concerning 
the characteristics of anaphylactic shock between the crystalline egg- 
albumen and certain other antigens, such as different pollen extracts and 
fish-glue, are also of interest in this connection. The third factor which 
may be of importance is that in all egg-white-sensitive guinea pigs, which 
we tested for general sensitiveness, the usual protein sensitization was also 
present in varying degree. This sensitiveness does not develop in 
appreciable degree in the tuberculous guinea pigs, and its presence can 
considerably influence the general reaction, as according to the inves- 
tigations of Opie (9), it hinders absorption of the antigen. 

We made certain observations concerning the anaphylactic sensitive- 
ness of the tuberculous guinea pigs treated with egg-white injections into 
the lesions, which throw light on the complexity of the conditions influ- 
encing the general reaction, and for this reason we give a short account 
of themhere. Inourattempt to enhance the sensitiveness with repeated 
injections we remarked that the guinea pigs, treated with injections 
into the lesion shortly after the sensitiveness developed, succumbed as 
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easily to anaphylactic shock after the injection of the egg-white into the 
lesion as after intravenous injection. However, this condition lasts only 
fora short time. Later, probably because of the development of strong 
protein sensitization of the usual type, the effect of the injection into the 
lesion decreases or entirely disappears, contrary to the effect of the intra- 


TABLE 2 
Anaphylactic shock after intravenous injection and injection into the tuberculous lesions 
NUMBER AMOUNT OF TEST INJECTION 
OF GUINEA METHOD OF SENSITIZATION AND INTERVAL BETWEEN 
PIG SENSITIZATION AND TEST 
1 Injection of egg-white into} 4 mgm. intravenously; 8 | Death in 5 minutes 
the tuberculous lesions days 
2 Injection of egg-white into) 4 mgm. intravenously; 8 | Severe symptoms; sur- 
the tuberculous lesions days vived 
3 Injection of egg-white into| 4 mgm. into the tubercu- | Death in 3 minutes 
the tuberculous lesions lous lesions; 8 days j 
4 Injection of egg-white into} 4 mgm. into the tubercu- | Death in 5 minutes 
the tuberculous lesions lous lesions; 8 days 
59 Injection of egg-white into} 4 mgm. intravenously; 34 | Death in 4 minutes 
the tuberculous lesions days 
80 Injection of egg-white into) 4 mgm. into the tubercu- | No symptoms 
the tuberculous lesions lous lesions; 34 days 
66 Injection of egg-white into} 10 mgm. into the tubercu-| No symptoms 
the tuberculous lesions lous lesions; 34 days 
61 Subcutaneous injections | 4mgm. intravenously; 34 | Death in 2 minutes 
of egg-white days 
65 Subcutaneous injections | 4mgm. intravenously; 34 | Death in 3 minutes 
of egg-white days 
64 Subcutaneous injections | 10 mgm. into the tubercu-| No symptoms 
of egg-white lous lesions; 34 days 
60 Subcutaneous injections | 10 mgm. into the tubercu-| No symptoms 
of egg-white lous lesions; 34 days 


Guinea pigs 1-4 were injected twice at 2-day intervals with 0.4 mgm. egg-white, first in 
the right, then in the left groin, into the swollen lymph nodes. 

Guinea pigs 59, 80 and 66 were injected like guinea pigs 1-4 and later (8 and 10 days) 
were again injected with 1 mgm. egg-white. 

Guinea pigs 61, 65, 64 and 60 were injected with the same amount of egg-white as the 
former group subcutaneously. 


venous injection. In tuberculous guinea pigs, sensitized with subcuta- 
neous injections (which are just as sensitive as the others to the intraven- 
ous injection), so far we have found the injections into the tuberculous 
lesions without effect. As data concerning these observations have not 
yet been published, a few are collected in table 2. 
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These observations admit of two conclusions of importance concerning 
the general reaction, the first being that the permeability of the sensitized 
tuberculous lesion, when it is in contact with the antigen, is greatly en- 
hanced compared with the permeability of the nonsensitized lesion (we 
cannot tell whether the egg-white or some toxic products are absorbed), 
and the second being that concerning the egg-white sensitiveness this 
great permeability is probably transient. When we regard the focus as 
the source of the general reaction it is obvious that the variations in the 
permeability of the focus must be one of the conditions influencing the 
production of a reaction. 

It is apparent from this short discussion that there are present impor- 
tant differences between the egg-white and the tuberculin sensitiveness 
concerning the conditions which probably have considerable influence in 
producing the general reaction, and also that we have too little under- 
standing of the importance of the different factors influencing the general 
reaction. Jt seems to us that the fact that we did not succeed in producing 
in the egg-white-sensitive guinea pig a reaction similar to the general tuber- 
culin reaction does not weaken the conclusion at which we arrived when dis- 
cussing the local reactions, that is, that it is possible to produce in the 
tuberculous animals with various protein substances a sensitiveness simi- 
lar to the tuberculin sensitiveness.* 

Several problems of general interest present themselves in connection 
with the observation which we reviewed. The first which we will now 
consider is the relation of the usual protein sensitiveness and the tubercu- 
lin sensitiveness to each other. The causes of the important differences 
separating the two types of sensitiveness, which are well established by 
the observation, are at present obscure. As we can reproduce both types 
of sensitiveness with the same antigen, the differences between them 
are not the result of the differences in the active substances, but must 
originate in differences in the sensitization of the organism. This state- 
ment does not imply that in certain phases of the reaction (for instance 
in the mechanism of the general reaction) the special properties of the 
antigen do not play an important réle. We do not want to build up an 
hypothesis concerning the nature of the differences between the anaphy- 
lactic and the tuberculin type of sensitiveness, but the examination of the 
possibilities for which we find indication in the observations seem to be of 


3Since this paper was submitted for publication we succeeded in producing general 
reactions with egg-white very similar to tuberculin shock. It is not yet decided, however, 
whether these reactions essentially correspond to tuberculin shock. 
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interest. We have, to begin with, the statement that the tuberculin- 
type sensitization, like the usual protein sensitization, seems to be in 
close connection with antibody production. The most important 
reasons for this are that we obtain also in this type of sensitiveness, as in 
anaphylactic sensitiveness, similar reactions with various antigens; the 
specificity of these reactions probably follows the antigenic specificity, 
and the same circumstances which favor the development of the tuber- 
culin-type sensitiveness (the introduction of antigen into the tuberculous 
lesion) favor also in large measure the antibody production. Before the 
differences separating the tuberculin sensitiveness from anaphylaxis were 
recognized it was generally supposed that the tuberculin sensitiveness is 
the result of an antibody reaction. Although later this supposition could 
with difficulty be brought into agreement with the observed facts, several 
authors (for instance Doerr (10)) continued to adhere to it, and a more 
probable hypothesis was never substituted for it. Recently from the 
effect of the blockade of the reticulo-endothelial tissue on the develop- 
ment of tuberculin sensitiveness, Freund (11) has concluded that there 
is a close connection between the latter and antibody production. 

The supposition that in the tuberculin-type sensitiveness a special type 
of antibody is present, which does not appear in appreciable amount in 
the circulation, is not very probable, as, according to our present concep- 
tion, the antibody response toward a certain antigen is uniform, and the 
different antibody reactions and also the reactions observed in the organ- 
ism are the manifestation of the same basic phenomena. However, this 
isonly an impression, which we might be compelled to change at any time. 
The atopic reagins,which mediate the hypersensitiveness in hay fever, are 
probably an example of antibodies with characteristics considerably dif- 
ferent from those of the usual antibodies. 

At present it seems more probable that the basis of the difference be- 
tween the two types of sensitiveness lies not in the differences of the sensi- 
tizing substances, but in the differences concerning the relation of the 
sensitizing substances to the cells, or in the differences of anatomical 
substratum which is sensitized. We can suppose, for instance, that the 
tuberculin type of sensitiveness corresponds to the active sensitization 
of the peripheral tissue (which by treatment with dissolved protein sub- 
stances is not produced), without the presence of free antibodies in the 
tissue, and the usual protein sensitization corresponds to a passive sen- 
sitization of the tissue, with the presence of antibodies in the tissue spaces, 
as indicated in a recent work of Freund (12). In agreement with this 
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supposition in the egg-white sensitiveness the appearance of the anti- 
bodies in the serum usually follows the development of the tuberculin 
type of sensitiveness, and with these antibodies only the usual protein 
sensitiveness is passively transferred. Another possibility is that in the 
two types of sensitiveness different anatomical elements are sensitized,— 
for instance, in one the walls of the capillaries and small vessels, in the 
others the histiocytes of the peripheral tissue. The active sensitization 
of the peripheral tissue, or the sensitization of certain tissue elements, 
occurs only when the effectiveness of the antigen (as we will see in the 
next paragraph) is enhanced by the passing of the antigen through the 
tuberculous lesions. The histological study of the reactions (as we can 
now produce both types of sensitiveness with the same antigen) will prob- 
ably be of help in obtaining insight into the basic differences between 
them. 
Another question brought up by our observations is in what manner 
the tuberculous tissue influences the immunity reactions. This influ- 
ence is very great on the antibody production, and is the origin of the 
development of the tuberculin type of sensitiveness. Recently we 
published a paper (12) concerning this subject, the conclusions of which 
are that the antibodies (at least a large part of them) and the substances 
responsible for the sensitization of the skin are not produced in the tuber- 
culous lesion, and also the irritation of the lesion is not responsible for 
their production. In a way at present obscure, the antigens passing 
through the lesion are greatly enhanced in their activity. The study of 
the immunological effect of the lesion seems to be of great importance, 
because, as the development of the tuberculin sensitiveness bears testi- 
mony, the immunological response of the disease is entirely under the 
influence of the lesions. It is very probable that an important reason 
(probably there are also others) why we did not have more success with 
preventive vaccination and with the bacteriological therapy of tubercu- 
losis is that this factor of the immunity reaction was not recognized, and 
so was not utilized. The capriciousness of the production of the tuber- 
culin type of sensitiveness shows that the activity of the lesion undergoes 
great variations, and probably considerable work will be needed before 
we can sufficiently understand the effect of the lesion to enable us to uti- 
lize the influence of the lesion for practical purposes. There is, however, 
little doubt that the recognition of the réle of the lesion in the immunity 
reactions has opened new possibilities of finding a way to influence the 
disease with specific factors. Since we treated a large number of guinea 
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pigs with the injection of killed tubercle bacilli into the lesions we have 
been greatly impressed by the observation that even the injection of large 
doses, instead of hastening the course of the disease, seems to enhance 
the resistance of the guinea pig. In another place (6) we indicated 
the possibility that the large increase of the antibody production which 
we observed after injection of the antigen into the lesion, and the great 
variety of antibodies which we obtained in this way bring a new interest 
to the question whether or not protective antibodies are present in these 
sera. 


SUMMARY 


The conditions under which the sensitiveness is produced, the charac- 
teristics of the skin reactions, and the result of the passive-transfer experi- 
ments make it very probable that we have to regard the protein sensitive- 
ness, with necrotic skin reactions in tuberculous guinea pigs, as a repro- 
duction of the tuberculin sensitiveness. The conditions influencing the 
general tuberculin reaction are so little understood that our failure to 
produce a similar general reaction with egg-white does not weaken the 
above conclusion. 

The characteristics of the tuberculin type of sensitiveness (concerning 
the local reactions) are not dependent upon the special properties of the 
antigens, but are the result of a special type of sensitization which is made 
possible by the influence of the tuberculous tissue. It is probable that 
the tuberculin type of sensitiveness is the result of antigen-antibody 
reaction, as it follows the antigenic specificity, and the tuberculous 
tissue has great influence also on the antibody production. 

In the study of immunity in tuberculosis the study of the influence of 
the lesions on the immunity response of the organism will be of great 
importance. 

We have also described in this paper certain characteristics of the ana- 
phylactic sensitization and the production of the anaphylactic shock in 
the tuberculous guinea pigs. 
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THE PERMEABILITY OF THE RESPIRATORY TRACT 
TO ANTIGENS! 


PAUL F. CLARK, WILLIAM S. MIDDLETON anp OTIS M. WILSON 


A number of observers, particularly in the last ten or fifteen years, 
have emphasized the réle of the epithelium in natural immunization. 
In most artificial procedures used in building up immunity, either passive 
or active, the normal mechanical barriers are broken through, involving 
more or less trauma to the individual tissues. In ordinary life, such 
breaks in the first line of defense may occur relatively seldom, so rarely 
indeed as to make it difficult to explain the many cases (apparently in- 
creasing in number) of food idiosyncrasies and of other types of hyper- 
sensitivity found clinically. 

Sewall (1), Sewall and Powell (2), Besredka (3), Sanarelli (4), and 
Stillman (5) have emphasized the importance of the respiratory tract as a 
possible route of immunization. Besredka (3), Calmette (6), Cook and 
VanderVeer (7), Walzer (8), and others have shown that, contrary to our 
earlier ideas, tubercle-bacillus antigens and proteins from many food 
sources may frequently pass the intestinal barrier and act as unaltered 
circulating antigens. Besredka, too, has emphasized the rdle of the skin, 
both as a means of absorption of antigens and as an organ for the pro- 
duction of immunity. 

Our attention was directed to the respiratory mucosa as a path for the 
absorption of antigen by an interesting case which came to the University 
Infirmary at the University of Wisconsin in 1922. This student, through 
his duties as an assistant in agricultural bacteriology, was exposed to an 
atmosphere laden with tuberculin vapor, which was thrown into the air 
during the clearing of this material by means of a Sharpless centrifuge. 
When so exposed he developed definite asthmatic symptoms. His 
history follows: 


C. W., an adult, white, male, student, was admitted to the University Infir- 
mary, October 25, 1922, complaining of a cough. On rising hehad noted a slight 
cold, and a cough supervened on his going into the cold air. A sense of sub- 


1 From the Medical School, University of Wisconsin, Madison, Wisconsin. 
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sternal fulness led to limitation of the depth of inspiration. There was little 
expectoration. Fever was remarked but there was no anorexia. 

Aside from an apparent susceptibility to colds and the occurrence of in- 
fluenza in 1918 the past medical history was irrelevant. 

To physical examination the pharynx appeared congested, but there were 
only indefinite signs of congestion in the pulmonary bases. Three hours iater 
there had appeared marked impairment of resonance from the right midscapula 
to the base, with Skodaic resonance close to the vertebral column. The breath- 
sounds were suppressed. The pulmonic second sound was accentuated. The 
temperature, which had registered 102.4°F. on admission, now read 104.2°; 
the pulse remained constant at 120; the respirations rose from 24 to 44 and were 
quite labored. The following day the lips were subcyanotic, but the chest 
signs remained as recorded, with the additional findings of enormous showers of 
fine crackling rales and distant bronchial breath-sounds in the right lower lobe. 
Fluoroscopic examination at the bedside revealed very slight mobility of the 
right diaphragm and a diffuse increase in density over the right lower lobe, with 
some predilection for the periphery. The temperature fell to 101.4° in the 
morning and by evening it had reached normal. The pulse-rate was 104 and 
respirations 40 in the morning, and by evening they registered 80 and 24, 
respectively. The leucocytes numbered 20,600, with 89 per cent neutrophiles, 
8 per cent lymphocytes, 2 per cent transitionals, 0.5 per cent eosinophiles, and 
0.5 per cent basophiles. There was no subsequent rise in temperature, pulse 
or respiration. In spite of the persistence of decreased radiability in the right 
lower lobe on the third day, the physical and clinical signs rapidly subsided and 
after the fourth day were entirely lacking. Blood-cultures and mouse-inocu- 
lations of the sputum were negative. 

On November 16, 1922, the patient was readmitted, complaining of shortness 
of breath. Without antecedent symptoms he had been attacked with sharp 
dyspnoea. Coughing resulted from this shortness of breath rather than from 
any irritation. It was unproductive. Later in the day expiration became 
very distressing. Rawness of the throat was thought to depend upon the 
persistent cough. No constitutional symptoms were elicited. 

The dyspnoea was pronounced. Cyanosis of the lips, ears and fingers was 
quite marked. No localizing signs were established in the chest, and the only 
cardiovascular finding of note was the arterial hypotension,—systolic 82, 
diastolic 50. The temperature registered 103°, pulse 120, and respirations 46. 
One hour later the blood-pressure had risen to systolic 124 and diastolic 70. 
The venous pressure was 7 cm. (H;0). The leucocytes numbered 10,000. 
The following morning the temperature, pulse and respiration reached normal 
levels and so remained. Significantly the right base posteriorly showed an 
impaired percussion note and great showers of fine crackling rales. The 
breath-sounds were suppressed over the right lower lobe. In the left base 
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similar rales were heard without change in note or breath-sounds. The roent- 
genological examination of the chest showed clouding, diffuse and homoge- 
neous, through both bases. RAles persisted in both bases for two more days, 
but in other details the patient had returned to normal, apparently. 


The patient at the time of his second admission volunteered the in- 
formation that certain of his duties in the Department of Agricultural 
Bacteriology exposed him to an atmosphere saturated with a vapor of 
tuberculin. In clearing the tuberculin prior to shipment, a Sharpless 
supercentrifuge was utilized; and, within a few minutes after it was 
started, a perceptible moisture pervaded the room. With a true scien- 
tific interest, the patient offered to repeat his exposure after controlling 


all other factors. 


Accordingly, on January 8, 1923, C. W. returned to the centrifuge room for the 
first time after November 16, 1922. In about one-half hour he experienced a 
“tight cough” and a choking sensation. A frank chill ensued two hours after 
the exposure, accompanied by a sense of general numbness. Somewhat later, 
emesis occurred. On admission, four and one-half hours after exposure to the 
tuberculin vapor, the patient’s chief complaint was a sensation of compression 
about the chest. 

Cyanosis was outstanding. The chest presented dulness posteriorly below 
the midscapula on the right; tactile fremitus was reduced over this area; the 
breath-sounds were distant, but of a bronchovesicular quality, and many fine 
crackling rales were heard on inspiration and expiration in the right lower lobe. 
The blood-pressure was read at 124 mm. systolic and 88 mm. diastolic. The 
spleen was just palpable. The temperature was 102°, but in an hour rose to 
103.4°, with the pulse 100 and respirations 32. The succeeding day showed 
a fall of temperature, pulse and respiration to normal. The signs at the right 
base persisted with somewhat fewer rales. The leucocytic count was 17,000, 
with 83.5 per cent neutrophiles, 15.5 per cent lymphocytes, 0.5 per cent lympho- 
blasts and 0.5 per cent large mononuclears. By the second day no further 
signs were demonstrable in the chest and the subjective picture was com- 


pletely relieved. 
The Pirquet test was negative. 


Since the patient gave a negative Pirquet reaction, we wondered 
whether it were possible that he had been sensitized to Old Tuberculin 
through repeated contacts with the spray during his work in the labora- 
tory. We realized the inaccuracy of the Pirquet technique as a means of 
determining the absence of a tuberculous focus, and the relative ineffec- 
tiveness of Old Tuberculin as an antigen because of the vigorous heating 
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to which it is subjected in the process of its preparation. The question 
seemed, however, sufficiently interesting and fundamental to merit an 
experimental attempt to determine whether animals could be sensitized 
to tuberculin by the respiratory route. 

In preliminary experiments we employed a more effective antigen, 
horse-serum, and Sewall’s method of sensitization, the dropping of the 
antigen directly on to the mucous membrane of the nose of the guinea pigs. 
As this method proved only slightly successful (see table 1) we tried 
several types of atomizer chambers, finally developing one of galvanized 
iron, 20x 15 x 12 inches, with air-tight glass windows on the long sides, a 
cover that fitted into a groove containing plasticine, and a tube at each 
end for the introduction of the atomized antigen and the passage of a cur- 
rent of air. With a Parke-Davis nebulizer, and an ordinary motor- 
driven blast pump, it was easy to pass a very fine vapor of a somewhat 
viscous material such as horse-serum or tuberculin (O.T.) through the 
chamber at the rate of 1 cc. in 5 to 10 minutes. By means of these in- 
sufflation methods, we subjected 14 series of animals, with a total of 80 
guinea pigs and 12 rabbits, to a variety of antigens, from relatively 
simple substances, such as recrystallized egg-albumen and excelsin, to 
complex antigens, such as horse-serum and Old Tuberculin. 

In all of the series, untreated control animals were injected with the 
antigens employed and, occasionally, insufflated animals were injected 
with nonspecific antigens for control purposes. No anaesthetic was used 
because of the tendency of ether to relax the smooth muscles of the 
bronchioles and thus obscure the reaction. 

As others have also shown, we found it possible to sensitize guinea 
pigs regularly to horse-serum by the respiratory route, so that subse- 
quently, after a suitable period of incubation, an intravenous injection 
of 0.3-0.5 cc. of the specific antigen resulted in the production of typical 
and definite symptoms of anaphylactic shock in 34 out of 36 animals so 
treated (see table 1 for details of all experiments). Twenty-four of the 34 
died as the result of the shock and showed typical distended lungs at 
autopsy. By varying the dosage, duration of exposure and interval be- 
tween exposures, we tried to build up, by the insufflation method, a 
demonstrable increase in resistance to the antigen, but failed. 

Attempts to produce asthmatic symptoms in the sensitized animals by 
subjecting them to the atomized antigen, after varying periods of incu- 
bation, resulted in the production of slight symptoms of dyspnoea and 
restlessness. 
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We also succeeded in the primary object of our investigation, the sen- 
sitization of guinea pigs to Old Tuberculin by the respiratory route. 
Twenty-three out of twenty-four animals treated, and tested subse- 
quently by the intravenous injection of 0.3 cc. O.T.,? promptly showed 
symptoms of anaphylaxis with a fatal termination in three of the cases 
and severe but not fatal results in ten. No tuberculous lesions were 
found at autopsy. 

Passive sensitization was effected by means of sera from animals in- 
sufflated with either horse-serum or tuberculin. In the case of each 
antigen two normal guinea pigs were injected intraperitoneally. Forty- 
eight hours later, 0.3 cc. of tuberculin was introduced intravenously 
into one set and the same amount of horse-serum into the other. A 
definite anaphylactic shock was obtained in each instance; those in- 
jected with horse-serum recovered in two hours, while those injected 
with tuberculin recovered in one hour. 

In two series of rabbits subjected to an atmosphere containing a solu- 
tion of crystallized excelsin, we were surprised to find what small amounts 
of this simple antigen, administered by insufflation, successfully stimu- 
lated the production of demonstrable antibodies in the circulating blood. 
It is, of course, impossible to state with accuracy the amount of the anti- 
gen which passed into the lungs of any individual animal, but it is ob- 
vious that in series 10, for example, with a total amount of 14 cc. blown 
into the chamber during four periods of 30 minutes, each of the six 
animals must have received a relatively small amount, and yet the serum 
from five of the six animals gave a definite ring test with a 1-1000 dilu- 
tion of the antigen, and the serum of the other animal showed a trace of 
precipitate. 


2 During the progress of these experiments, reactions somewhat similar to those observed 
in the patient C. W. occurred in one of the authors (P. F. C.) and another member of the staff 
(H. W. C.). Exposure of 10-15 minutes to the atmosphere of the room in which the insuf- 
flations with tuberculin were in progress induced asthmatic attacks of varying degrees of 
severity in these workers. In one of these individuals the seizure was prostrating on one 
occasion. At this time the subjective complaints included malaise, general aching, fever, 
and marked expiratory dyspnoea. To physical examination the chief points of differentia- 
tion from the classical bronchial asthma were the febrile reaction (102°F.) and the evidence 
of basal pulmonary congestion. Neither horse-serum nor the other antigens employed pro- 
duced this result. Neither of these individuals suffers from hay fever or gives other evi- 
dence of protein hypersensitivity. These cases do, however, in contradistinction to the 
original case, give positive reactions to the intracutaneous injection of diluted Old 
Tuberculin. 

3 The tuberculin employed was obtained through the courtesy of Professor E. G. Has- 
tings and was made from strains of human tubercle bacilli. 
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CONCLUSIONS 


1. Guinea pigs may be actively sensitized through respiratory insuffla- 
tion with a variety of antigens, including one so relatively weak in anti- 
genic properties as Old Tuberculin. 

2. Passive sensitization can be produced by the appropriate use of 
serum from these actively sensitized animals. 

3. Circulating antibodies may be demonstrated by precipitin tests 
following insufflation with horse-serum, a solution of crystalline egg- 
albumen, or a solution of crystalline excelsin. 

4. Attempts to give the shocking dose by insufflation after sensitiza- 
tion by the same route produced only minor symptoms of dyspnoea and 
restlessness. In view of the difference in species and the small amounts 
of the antigen employed, we believe that these experiments indicate the 
possibility of the correctness of our primary hypothesis, namely, that 
case C. W. may have been sensitized by repeated exposures to the tuber- 
culin-laden atmosphere. 
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SOME CHEMICAL CHANGES ACCOMPANYING THE 
GROWTH OF AVIAN TUBERCLE BACILLI ON 
LONG’S SYNTHETIC MEDIUM! 


ALICE G. RENFREW,? SHAILER L. BASS anp TREAT B. JOHNSON 


The present study represents one part of a codperative research 
program organized for the comparative investigation of certain bacterial 
organisms, and being carried on in the Sterling Laboratory under the 
auspices of the Research Committee of the National Tuberculosis 
Association. The results obtained from a chemical study of certain 
changes in the culture medium during the growth of the human tubercle 
bacillus (H37) have already been published (1), and an analogous program 
of analytical research has now been applied to cultures of the avian 
tubercle bacillus. 

Two lots of avian tubercle bacillus 531 were grown on Long’s medium 
by H. K. Mulford and Co. at different times. During each incubation 
period sample bottles were removed on successive weeks and expressed to 
the Sterling Laboratory for analysis. These determinations were 
purposely carried out on two independent growths of the microérganism, 
as it was very desirable to ascertain what degree of uniformity one could 
anticipate from our comparative method of analysis, and also to deter- 
mine whether the technique employed could be operated successfully 
by two independent workers. The two series of data which are recorded 
in the two tables appended represent quantitative data obtained with 
lots I and II respectively; these show definite variations in analytical 
values, but a marked similarity in general trend. In the present study 
the determination of the reducing power of the protein-free medium after 
hydrolysis was included in the routine analysis, whereas only one such 
determination was reported for the H37 cultures. The Shaffer-Hart- 
mann values for the copper-reducing substances, both before and after 
hydrolysis, of the avian cultures were strikingly lower than those observed 


1 From the Department of Chemistry, Yale University, New Haven, Connecticut. Aided 
by a grant from the National Tuberculosis Association. 
2 National Tuberculosis Association Research Fellow, 1928-1929. 
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in the case of H37. This factor is becoming of increasing interest as other 
acid-fast microérganisms are studied. 

The pH curve for the avian growth was that most commonly observed. 
In the cases reported by us the H37 cultures remained acid after the 
fourth week of growth; the avian, on the other hand, showed an acid 
phase followed by a gradual return to the original nearly neutral reac- 
tion. With the longer periods of growth it became increasingly difficult 
to obtain satisfactory readings of pH unless more than one sample was 
made available for comparative analysis. For this reason the respective 
values for pH of the unheated cultures have not been reported for the 
later weeks of growth. 

As was noted for H37 the abrupt decreases in ammonia and phosphate 
content of the medium were coincident with the large increases in the 
yield of dry bacilli per culture bottle. As a qualitative observation the 
protein, separated from the culture medium by heat coagulation at 60°, 
seemed to be present in smaller amount than in the case of H37. No 
comparative intensity of color formation with the Folin (2) phospho- 
tungstic-acid reagent has been recorded. Some color did develop with 
the protein-free samples of cultures after the third week, but it was, in 
general, too faint to permit of any reliable gradation. The fifth and sixth 
weeks gave the maximum color formation, which was, however, of only 
moderate intensity. 


Growth of Cultures and Preparation for Analytical Determinations: 
The methods of inoculation, culture, shipment and preparation of avian 
bacillus 531 for analytical study were the same as those described by 
Johnson and Renfrew (1) in their study of the human strain H37. 


Quantitative Technique: The quantitative determinations were carried 
out in the same manner as in the case of H37 except in the estimation of 
ammonia. It was found simpler to aerate the solutions in the presence 
of sodium-carbonate and potassium-oxalate, employing the apparatus 
recommended by Folin (3); using 10 cc. of the medium, 2 gm. of sodium- 
carbonate, and 5 gm. of potassium-oxalate we obtained values for am- 
monia agreeing very closely with those resulting from distillation with 
magnesium oxide. 

Reducing substances present in the medium were determined by the 
Shaffer-Hartmann microchemical method. The value for the protein- 
free hydrolysate was obtained in the following manner: 10 cc. of the 
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protein-free, tungstic-acid filtrate were combined with 0.5 cc. of con- 
centrated sulphuric acid, and the solution was heated for 5 hours at a 
temperature of 90-100°. The hydrolysate was then neutralized with 50 
per cent sodium-hydroxide solution (using phenol-red as an indicator) 
and brought to a volume of 25 cc. Two cubic centimetres served for a 
microchemical determination, and the value for the original medium 
was calculated from this analytical factor. 
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Quantitative Data Obtained during the Growth of Avian Tubercle Bacilli 
(strain 531): The analytical values obtained in the two series of analyses 
are recorded in tables 1 and 2 below. A graphic representation of the 
significance of the facts revealed by our analytical study is given in the 
accompanying charts I to VI. 

Discussion of the Charts: The various curves reveal clearly the progress 
of the growth-cycle of avian bacilli, and serve for making comparisons with 
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the growth factors of other bacteria. Their respective significance is 
brought out by comparison with the curves recorded in our first paper (1). 

The growth, ammonia, and phosphoric-acid curves (II, III, and V) 
coincide closely with those depicting the changes in the medium during 
the growth of H37 (1). The analytical determinations from which these 
curves are constructed do not reveal any striking chemical differences 
in the growth-periods of avian and human tubercle bacilli. 

The curve revealing the changes in pH (I) during the culture-period 
shows the tendency of the medium, in the case of avian bacilli, to 
approach a high acidity and then to return to its original condition 
approaching pH 7. This does not coincide with the behavior of human 
tubercle bacilli when grown on the same synthetic media. In the case 
of H37 a high and constant acidity was maintained throughout the 
growth-period after the fifth week. 

The most outstanding difference between the respective media of 
avian and human tubercle bacilli is revealed when one compares the 
analytical values for the reducing sugars formed during growth (curves 
IV and VI). In the case of human tubercle bacilli the sugar curve rapidly 
rises to a maximum at the time of greatest growth and then constantly 
falls during the final weeks of culture. But in the case of avian bacilli 
one finds no such rise, or, in other words, there is no corresponding pro- 
duction of reducing sugar during the maximum growth-period. Further- 
more, this reduction value is not increased by hydrolysis, the two curves 
coinciding very closely. These results would indicate that the carbo- 
hydrate combinations formed in the media during the growth of avian 
and human tubercle bacilli, respectively, are not identical. 

Avian tubercle bacilli reach their maximum growth on Long’s syn- 
thetic medium after a culture-period of about six weeks (curve II). 


SUMMARY 


1. The growth of avian tubercle bacilli has been followed analytically 
for a period of sixteen weeks. 

2. The methods employed have been the same as those used in the 
analytical study of human tubercle bacilli described in our first paper. 

3. The most striking fact revealed is the difference in the production of 
the substances of carbohydrate nature. The copper-reduction curves 
suggest that these two microdrganisms do not produce the same carbo- 
hydrate combination in their metabolism. 
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SOME CHEMICAL CHANGES ACCOMPANYING THE 
GROWTH OF TIMOTHY BACILLI ON LONG’S 
SYNTHETIC MEDIUM! 


SHAILER L. BASS anp TREAT B. JOHNSON 


Two previous papers from the Sterling Laboratory have recorded the 
results of a comparative analytical study” of certain chemical changes 
accompanying the growth of human and avian tubercle bacilli (1) (2) 
on Long’s synthetic media (3). In these publications was presented 
experimental evidence which indicates that each bacterial organism is 
characterized by specific chemical changes during its life cycle which 
lead apparently to the production of dissimilar end-products of metabo- 
lism. While the observations thus far made are preliminary and also 
are purely qualitative in nature, the results obtained do suggest the most 
important leads to be followed in organizing future quantitative research 
on the fundamental organic group-constituents of the bacterial cell. 
We have now extended further this comparative analysis, and in this 
paper we will report the results obtained by applying our analytical 
technique to timothy grass bacilli. A report of the chemical analysis 
of the cells of this microérganism, grown on Long’s synthetic media, 
has already been published in a recent paper from this laboratory (4). 


Growth of Cells.2 The timothy cultures were inoculated and grown on 
Long’s medium under the same conditions as were employed for the 
artificial production of human and avian tubercle bacilli. The collec- 
tions were made weekly at the plant for eight successive weeks and also 
on the twelfth and sixteenth weeks. Due to an unavoidable error the 
first and second weeks’ growth were not shipped to the laboratory, but 
were supplemented later by inoculating and growing on fresh media 
prepared supposedly as before. It is of interest to note here, however, 


1 From the Department of Chemistry, Yale University, New Haven, Connecticut. Aided 
by a grant from the National Tuberculosis Association. 

? This study represents part of a codperative tuberculosis research program under the 
auspices of the U. S. Public Health Service and the National Tuberculosis Association. 

* The bacteria were grown for our experimental work by Parke, Davis and Company, 
Detroit, Michigan, during the summer of 1928. (Serial number, timothy culture, 1589.) 
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that the supplementary controls showed a pH of 6.4, whereas the original 
controls had a pH of 7.4. In our table and chart we have incorporated 
the value of pH as 6.5 or that corresponding to the hydrogen-ion con- 
centration of Long’s medium as repeatedly received by us. 


Appearance of Cultures: The early cultures of timothy bacilli had the 
appearance and color of crushed oranges. The bacteria formed large 
clumps which were easily separated from the media by centrifugation. 
These bacterial clumps were accompanied on the twelfth week by a 
mucilaginous fluid, the culture medium presenting the appearance of a 
jelly-like mass. At the end of the sixteenth week the clumps of bacteria 
had entirely disappeared, autolysis apparently having reduced the whole 
culture to a mucinous condition. In the cultures of the twelfth and 
sixteenth weeks’ growth we observed the deposit of crystals of ammonium- 
magnesium-phosphate. After the sixteenth week the bacteria were so 
completely digested that the presence of individual cells could be de- 
tected only by means of the microscope. The whole culture had the 
appearance of a slimy fluid interspersed with denser ropy material. The 
medium was clarified for subsequent analysis by treatment with Filtrol 
followed by centrifugation. The results of our analyses are recorded in 
table 1. The alteration of the media during the culture period, and rate 
of growth of bacilli involving changes in pH, ammonia, P2O;, and reduc- 
ing sugars are graphically represented in charts I to V, respectively. 


Discussion of the Charis: Timothy bacilli reach their maximum of 
growth between the second and third weeks, or much earlier than either 
human or avian tubercle bacilli. By “maximum of growth” is meant 
the period at which the rate of growth is balanced by the rate of cellular 
autolysis. It will be seen by inspection of curve II that the weight of 
bacilli rapidly decreases as the culture-period is increased. 

The first portions of the pH and ammonia curves (I and ITI) are very 
similar, ammonia being furnished by decomposition of asparagin in the 
medium, causing a trend to alkalinity. Both curves differ very little 
from the character of the corresponding curves depicting the growth of 
human and avian tubercle bacilli. The chief difference is revealed by 
the sudden drop in the two curves to the minimum, which was observed 
at the end of the third week. The ammonia curve (III) after the third 
week is practically the inverse of the growth curve (II) indicating that 
ammonia is formed coincident with autolysis. 
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The copper-reduction curves (chart IV) are very interesting and 
suggestive. They do not correspond at all with the reduction curve 
recorded in the case of human tubercle bacilli. They agree more closely 
with the copper-reduction curve of avian bacilli. Before hydrolysis 
there is very little reduction when tested by the usual methods. There 
is, however, a gradual and decided increase in reducing substances as 
autolysis takes place. In fact, the avian and timothy bacilli copper- 
reduction curves are quite similar up to the twelfth week. Then inten- 
sive autolysis of timothy bacilli sets in, with an increased production of 
reducing sugars. 


SUMMARY 


1. The growth of timothy bacilli has been followed analytically for a 
period of sixteen weeks. 

2. The methods employed have been ‘the same as those used in the 
analytical study of human and avian tubercle bacilli. 

3. The most striking difference between timothy bacilli and human 
tubercle bacilli is revealed by the analyses for reducing sugars. Timothy 
and avian bacilli are both characterized by the formation of sugars of 
low reducing power, while the reducing power of the sugar formed in the 
case of human tubercle bacilli is variable and increases to a maximum. 
The results of analyses indicate that the same sugar combination is not 
functioning in all three bacterial organisms. 
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REPORT OF 50 AUTOPSIES IN WHICH THE PRIMARY 
CAUSE OF DEATH WAS PULMONARY TUBERCULOSIS! 


AUDLEY O. SANDERS 


In this summary-report of fifty autopsies, only cases are included in 
which gross tuberculous pulmonary lesions were extensive and in which 
there was no doubt that the tuberculous lesions were the primary cause of 
death. 

Various cases of chronic lung abscess, empyema and spontaneous 
pneumothorax were not included in the series, although during life the 
sputum contained tubercle bacilli and at autopsy tuberculous lesions 
were found in the lungs, for in those cases there was the possibility that 
the tuberculous pulmonary lesions might have been of secondary impor- 
tance as a cause of death. 

In this report diagnoses are recorded of only the gross and evident 
pathological lesions; lesions of doubtful diagnosis and those in which 
microscopic examinations of tissues were required to establish the patho- 
logical diagnosis are purposely reported in general rather than in specific 
terms. However, no case is included in this series in which the labora- 
tory study of the autopsy tissues and cultures gave a pathological diag- 
nosis at variance with the interpretations of this report. 

The purpose of this report is to summarize very briefly the gross and 
evident lesions of fifty cases at autopsy, attempting to avoid all doubtful 
and debatable questions, and to check, in some measure, the individual 
clinical records of the cases, in the hope that some light may be brought 
to bear on the relationship of clinical symptoms to pathological findings. 

It is frankly admitted that this autopsy study has been made from 
the viewpoint of the clinician and not from that of the pathologist. It 
is also admitted that the study has been made by clinicians who are 
primarily interested in pulmonary tuberculosis and who naturally may 
not be expected to give due emphasis to nontuberculous lesions. It is 
very certain that, had a professional pathologist made the study, a more 


1From the Diagnostic Centre, U. S. Veterans Bureau Hospital, Palo Alto, California. 
Published with the permission of the Medical Director of the U. S. Veterans Bureau, who 
assumes no responsibility for the opinions expressed or the conclusions drawn by the author. 
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extensive and thorough investigation would have revealed a wealth of 
interesting items that have here been omitted or passed over with very 
meagre details. 

SEX, RACE AND AGE 


All cases were males. Forty-five were white; and five colored. The 
youngest was 26 years of age, and the oldest 62. There were thirty- 
three cases of the age-period 26 to 35, fifteen cases of age-period 36 to 45, 
only one case of age-period 46 to 50, and but one of age-period above 50 
years. 

CONDITION OF BODILY NUTRITION 


At autopsy, 31 bodies were reported as emaciated, 13 as poorly nour- 
ished and 6 as fairly well nourished. The 44 bodies reported as emaciated 
or poorly nourished need no comment on that score, but the 6 fairly 
well-nourished bodies may require some explanation. 

In checking the clinical case records with the autopsy findings, it is 
noted in these 6 cases that all died in sudden collapse or after a rapid 
final decline. One case (15) was found at autopsy to have acute, miliary 
extension, one case (31) had marked accumulation of fluid in all the serous 
body cavities, and one case (35) was found to have bilateral pleural 
effusion and acute tuberculous pneumonia. In the other 3 cases (36, 41 
and 48), the deaths resulted from massive pulmonary haemorrhages. 


BONES AND JOINTS 


But one case (40) of bone or joint tuberculosis is included in this 
series. This was acase of tuberculous involvement of the lumbar verte- 
brae. 

HEAD AND NECK 


Terminal mental wanderings and symptoms of meningeal irritation 
were very commonly reported in the clinical records, but the intracranial 
pathological changes were not observed at autopsy, inasmuch as the 
skull-cap was removed in but one case. 

There were two cases (1 and 7) of chronic purulent otitis media. 
Whether these infections were tuberculous was not determined. 

Eighteen cases of laryngeal tuberculosis were included in this series. 

But two cases (15 and 47) of tuberculous cervical lymph nodes were 
reported in the clinical and autopsy records. 

There was no case of gross abnormality of the thyroid noted in the 
clinical records or at autopsy. 
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PLEURA 


In 41 cases there were bilateral pleural adhesions, more or less extensive. 
In 9 cases pleural adhesions were extensive on one side, with the pleura 
free on the opposite side. 

There were 19 cases which at autopsy showed pneumothorax, ten of 
which had been therapeutically induced and nine spontaneous or 
accidental. 

In the 10 cases of induced pneumothorax, three were found to have dry 
pneumothorax cavities, in three the pneumothorax cavities contained 
clear yellow fluid, in one the cavity contained serofibrinous fluid, and in 
three the cavities contained purulent fluid, in one (25) of which cases an 
open bronchial fistula was found. In one (37) of the cases in which the 
pneumothorax cavity was quite dry, the walls of the visceral and parietal 
pleura were thickly sown with small pearly white tubercles. 

In the 9 cases of spontaneous pneumothorax, the pneumothorax spaces 
of four were found dry, one contained serosanguineous fluid, and four 
contained thick purulent material. In all but one of these 9 cases the 
fistulous opening into the lung was located. In one case (45) there were 
an old spontaneous pyopneumothorax and bronchial fistula on the right, 
and a terminal dry spontaneous pneumothorax on the left. In this 
case there were found, on the side of the old pyopneumothorax, extensive 
erosion and destruction of intercostal muscles, the pus having burrowed 
in one place from the pyopneumothorax space to the subcutaneous fascia 
of the chest-wall, progressing well toward a tuberculous empyema 
necessitatis. 

Aside from the pneumothorax cases with pleural fluid, which have 
already been noted, there were 6 others (8, 22, 31, 38, 39, 40) in which 
pleural effusions were found; in four of these the effusions were bilateral, 
and in two (8, 40) unilateral. The amount of fluid varied from 200 to 
2200 cc. It is noteworthy that in each of these six cases fluid was also 
present in the peritoneal cavity. In two (22, 31) of the six there was an 
increase of pericardial fluid, to 100 and 200 cc. respectively. It may 
also be noted that gross degenerative changes of the liver were observed 
in each of four cases of bilateral pleural effusion. 


LUNGS 


All but three of the 50 cases showed gross bilateral pulmonary lesions. 
Of these three, one case (35), while under pneumothorax treatment, had 
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suddenly developed massive tuberculous pneumonia of the compressed 
lung. The second (37) was a case of pneumothorax compression of a 
cavity representing the entire left upper lobe, tuberculous nodules of the 
left pleura, and very extensive tuberculous ulcers of the intestines, with 
perforations of the ileum. The third (39) was a case of extensive casea- 
tion and cavitation of the left upper lobe, the right lung, while showing no 
gross tuberculous lesions, being compressed by 2200 cc. of fluid. 

Thirty-three of the 50 cases were found to have all lobes involved with 
gross caseous lesions. Nine cases had four lobes and five cases but three 
lobes so involved. In one case, gross caseous lesions were found in but 
two lobes, and in two cases gross tuberculous lesions were found in only 
one lobe. 

Of the 5 cases showing gross involvement of but three lobes, three (5, 
35, 45) were complicated by spontaneous pneumothorax, one (23) with 
spontaneous rupture of the lung in induced pneumothorax and one (13) 
by extensive tuberculous lesions of the kidney. 

In the one case (22) with gross lesions of but two lobes, there were also 
bilateral pleural effusion, cirrhosis of the liver and tubercles in the spleen. 
The two cases (37, 39) with gross lesions in only one lobe are reported 
above. 

Thirty-two of the 50 cases had more or less extensive bilateral cavi- 
tation, sixteen had unilateral cavitation, and in two cases no pulmonary 
cavities were found. Of the latter two, one (15) had miliary lesions 
throughout both lungs, and in the peritoneum, intestines and both kid- 
neys, as well as draining caseous cervical lymph nodes; the other case (22) 
has just been reported. 


BRONCHIAL LYMPH NODES 


These structures were usually large, contained much carbon, and were 
more often calcareous than grossly caseous, there being only one case (47) 
with gross and evident caseous changes noted. This, it will be observed, ‘ 
is one of the two reported as having tuberculous cervical lymph nodes. 


PERICARDIUM 


The most common abnormal finding was an increase of pericardial 
fluid. Taking 25 cc. as the upper limit of the normal amount, there were 
found 19 cases with increased fluid. In seven of these there were about 
50 cc. of fluid, in five from 75 to 100 cc., and in seven about 200 cc. 
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The highest amount was 210 cc. In all of the 19 cases the pericardium 
was smooth and free, and the fluid was clear and straw-colored, except 
in one case (19) with 50 cc. of bloody fluid. 

In one case (38) the fluid was normal in amount but bloody. In 
another case (27) the fluid was normal in amount but stained a bright 
red, apparently by haemolyzed blood. 

In one case (20) the fluid was of normal amount and of clear straw 
color, though the visceral pericardium presented patches of a grayish- 
yellow gelatinous coating, 1 to 2 mm. thick. 

The pericardial surfaces were free and smooth in all but one (43) of 
this series of 50 cases. In this case there was no free pericardial space, 
all areas being firmly bound by old dense fibrous adhesions, but neither 
tubercles nor caseous or calcareous changes were observed in the peri- 
cardium, heart or aorta. In theclinical record there was no suggestion of 
pericardial abnormalities so far as either the physical findings or symp- 
toms were concerned, though the record was complete and covered an 
extended period of time. 

Of the 19 cases of pericardial effusion noted above, five also had pleural 
and peritoneal effusions, three had pleural without peritoneal effusion, 
and eleven had neither pleural nor peritoneal effusion. 


HEART 


In general, the size of the heart and the condition of the cardiac 
musculature corresponded closely to the degree of general nutrition and 
muscle-tone. It was almost invariable that in the poorly nourished or 
emaciated individuals the hearts were small and the musculature very 
pale and markedly soft. In this series, cardiac changes were strikingly 
few, aside from those just mentioned, in which the heart shared the 
general wasting of all body tissues. 

There was one exception (43), in which the heart did not conform to 
this rule. Though the body was extremely emaciated, weighing but 
little more than 90 pounds, the heart was rather large, weighing 320 gm. 
and the musculature was of good color and quite firm. However, it was 
very evident that the heart had had a distinct handicap to overcome, 
because of the fibrous pericardial adhesions already reported. 

This heart had another remarkable and peculiar condition, which was 
apparently in no way associated with the adhesive pericarditis or with 
the unusually good muscle-tone. This was an anomaly found in the 
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aortic valves, which were two instead of three, the anterior and left 
posterior segments being represented by a single, broad valve with both 
coronaries leading from behind its base. These valve leaflets did not 
appear to be distorted by disease, and evidently the valvular function 
was in no way impaired. No cardiac murmur was recorded in a detailed 
clinical record. 

Another case (48) showed a moderate degree of general cardiac hyper- 
trophy. The body was well nourished, the individual having died of 
massive pulmonary haemorrhage, but the explanation for the enlarged 
heart was not evident. 

In the entire series no cardiac valves were found definitely distorted 
by disease, although all hearts were examined with the possibility of 
valvular disease clearly in mind. 

In one case (27) the entire cardiac tissue was stained a bright inky red, 
as were also the pericardium and the aorta, presumably the results of 
local haemolysis. 


AORTA 


Twenty-two cases of this series showed slight atheromatous changes in 


the intima of the base of the aorta, while three others had rather marked 
atheroma. Of these, the case (22) with the most extensive atheroma 
was that of a negro, 37 years of age, with cirrhosis of the liver and a 
history of alcoholism. Caseous lesions predominated in the lungs. 
Another case (8), that of a white man 45 years of age, with moderately 
extensive atheroma, had a large fibrotic, almost cartilaginous pulmo- 
nary lesion and recent extensive bilateral caseous involvement. No 
caseous changes were noted in the old fibrotic pulmonary lesion. In the 
third case (26), that of a white man 45 years of age, with moderately 
extensive aortic atheroma, there was a markedly fibrotic old pulmonary 
lesion, with recent bilateral miliary extensions. 

In one case (10), that of a white man 45 years of age with no record of 
syphilis and a negative blood Wassermann, although there were but slight 
atheromatous changes at the base of the aorta and the base appeared to 
be of normal size, the arch suddenly expanded to form a spherical aneu- 
rysm, 7 cm. in diameter. There was no bony or cartilaginous erosion 
due to pressure, but an interesting feature was that the aneurysm had 
partially collapsed and invaginated the wall of a large pulmonary cavity 
in the left apex. 
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PERITONEUM 


In 16 cases the peritoneal cavity contained fluid, varying from 50 to 
800 cc. In most cases this fluid was yellow, with a more or less white or 
grayish flaky or curdy coagulum, which in some cases was slight in 
amount while in other cases it formed a general adhesive coating over all 
surfaces and was found in curdy masses in the recesses. In eleven of 
these fluid cases, tiny pearl-like tubercles were to be seen in the visceral 
peritoneum, especially in the region of the ileocaecal valve and in patches 
on the lower ileum, these patches in the peritoneum marking the position 
of tuberculous ulceration of Peyer’s patches in the intestinal mucosa. 
Tubercles in the parietal peritoneum were seen only when they were most 
extensive over the visceral areas. In one (27) of these cases the fluid was 
blood-stained. (This case also showed haemolytic changes in pleural 
fluid, pericardial fluid, heart and aorta.) In one case (23), though cir- 
rhosis of the liver was present, there were also patches of pearly tubercles 
in the peritoneum of the ileum, marking the position of very extensive 
ulcers of the mucosa. In one case (47), a transparent gelatinous material 
coated the viscera, being especially thick in the region of the caecum 
and ascending colon. In this case the caecal mucosa was fairly riddled 
with transverse linear ulcers. 

In another case (22) with cirrhosis of the liver and fluid in the peri- 
toneum, no peritoneal tubercles were observed, although tubercles were 
found in the spleen. 

In two cases (30 and 46), although no fluid was present in the peri- 
toneal cavity, areas of the visceral peritoneum were thickly sown with 
miliary tubercles. 

In two cases (16 and 39), no fluid was present, but all the abdominal 
viscera were firmly bound together by dense leathery adhesions. Neither 
tubercles in the peritoneum nor ulcers of the intestinal mucosa were 
observed in either of these cases. 

Of the 16 cases with peritoneal effusion, nine had pleural effusion, of 
which five also had pericardial effusion (50 to 210 cc.). No case was 
recorded in which both peritoneal effusion and pericardial effusion were 
present without pleural effusion as well. 


LIVER 


No definite tubercles or caseous nodules were found in the liver, 
although all livers were closely observed. In one case (38) the liver was 
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thickly sown with sharply defined firm white nodules of small birdshot 
size. These nodules appeared to be fibrous but were not examined micro- 
scopically. In this case nodules of like appearance were also found in 
the spleen, and the peritoneum was thickly sown with tubercles, and 
definite caseous nodules were found in the kidney. 

There were two cases (22 and 23) of cirrhosis of the liver in this series, 
both with histories of alcoholism. 

Nine other livers showed marked general degenerative changes. No 
attempt was made to state the character of these changes, nor to specu- 
late as to what extent these changes were the result of tuberculous 
intoxication. 


GALL-BLADDER 


No gross and evident pathological change was noted. Not a single 
case had gall-stones. In one case (25) the gall-bladder had been re- 
moved by operation. 


PANCREAS 


No pathological change was noted in any case. 


SPLEEN 


Nine cases showed definite pathological changes of the spleen. In 
two cases (22 and 46) definite caseous nodules were found; in another 
case (38) nodules were found which may have been tuberculous. In 
one case (25) extensive multiple infarcts were observed, both recent and 
old. In the other 5 cases no attempt was made to classify the forms of 
degeneration. 

Two cases showed notable lobulations of the spleen, while six had each 
a small, accessory spleen. 


SUPRARENAL GLANDS 


In one case (30) the left suprarenal body was markedly enlarged, 
and presented evident pathological changes, the character of which 
was not determined. In this case the right suprarenal body was appar- 
ently normal. 


KIDNEYS, URETERS AND BLADDER 


In 6 cases (3, 13, 15, 38, 40, 50) very definite tuberculous lesions were 
found in the kidneys. In three of these cases the lesions were found in 
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both kidneys, and in the other three cases tuberculous lesions were found 
in but one kidney, the other kidney being apparently normal. 

Six other cases presented gross kidney pathological changes, apparently 
of nontuberculous character. 

Marked tuberculous extension to the left ureter from the pelvis of the 
left kidney was observed in one case (50). 

Extensive involvement of the bladder mucosa was observed in two 
cases (21 and 40). In one case (50), with marked caseous involvement of 
the left kidney and left ureter, the bladder mucosa retained a remarkably 
normal appearance. 

It is probable that more complete examination of the ureters and 
bladder in these cases of renal tuberculosis would have revealed more 
extensive involvement than is here noted. 

Anomalous kidneys were found in one case (12). The right kidney 
was of normal shape and structure, but twice normal size. The left 
kidney was a nonfunctioning vestige, very fragile, and 0.5 by 2.5 by 5 
centimetres. 


MESENTERIC AND RETROPERITONEAL LYMPH NODES 


In 6 cases (6, 13, 25, 38, 46, 47) definite caseation of these lymph 
nodes was observed. In five others (2, 9, 11, 17, 21) these lymph nodes 
were noted as markedly enlarged, but with no evident caseation. In 
another case (3), the lymph nodes were noted as large and calcareous. 

There appears to have been a common association of the gross involve- 
ment of these lymph nodes with tuberculous ulceration of the intestinal 
mucosa, for tuberculous intestinal ulcers were present in all of the 6 cases 
with caseous nodes, and in four of the five cases above reported with 
large but not evidently caseous nodes. In the case with calcification of 
the enlarged lymph nodes no intestinal ulcers were found. 

As just stated, when there were enlarged abdominal lymph nodes 
intestinal ulcers were usually also present; however, more or less exten- 
sive tuberculous ulceration of the intestinal mucosa was observed in 
11 cases in which no gross reaction of the mesenteric and retroperitoneal 
lymph nodes was noted. 
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STOMACH 


One case (25) showed an old postoperative fistulous opening in the 
pylorus, surrounded by dense adhesions forming a well-walled pocket 
containing stomach food material. 

Though extensive tubercles were observed in the serous coat of the 
stomach, especially marked in one case (40), no ulcers of the gastric 
mucosa were observed in any instance. 


DUODENUM 


No tuberculous ulcerations were observed in the mucosa of the 
duodenum. 


JEJUNUM 


Tuberculous ulcerations were observed in the upper portion of the 
small intestine in but one case (47). In this particular case large and 
frequent ulcerations were found from the beginning of the jejunum to 
the ascending colon. 


ILEUM 


Meckel’s diverticulum was present in two cases (47 and 50). In one 
case (47) the diverticulum was about 2 inches in length; in the other it was 
about four inches long. In neither case was there any pathological 
change found in the diverticulum. 

Gross tuberculous involvement of the ileum was observed in 19 cases. 
The ulceration of the mucosa was commonly most extensive in the lower 
ileum, and in some cases the ulceration was confined to the region just 
above the ileocaecal valve. However, in the other cases, though with 
extensive ulceration in the lower ileum, the area immediately above the 
ileocaecal valve was found to be free from involvement. 

In every case of ulceration of the lower ileum the ulcers were appar- 
ently first in the mucosa furthest from the mesenteric attachment, and 
they tended to extend with longest diameter transverse to the long axis 
of the gut, at times forming deep girdle ulcers that almost, but not quite, 
completely closed the ring under the mesenteric attachment. Appar- 
ently the Peyer’s patches were first involved in the ulceration, the smaller 
lateral solitary areas being later involved. 
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In some cases of especially extensive ulceration the central areas of 
some of the ulcers were black and distinctly necrotic. In one case (37) 
there were numerous ulcers with gangrenous centres, two of which had 
perforated, areas of localized peritonitis and extruded faecal material’ 
being walled off with plastic adhesions. 


ILEOCAECAL VALVE 


The ileocaecal valve was not infrequently the approximate centre of 
tuberculous lesions of both the covering and the lining of the intestines. 
In one case (47) a deep annular ulcer occupied the entire margin of the 
valve. 

APPENDIX 


Three cases showed postoperative absence of the appendix. 

In various cases, although there were extensive tuberculous lesions 
observed in the region of the ileocaecal valves, the appendix remained 
apparently quite normal. 

Gross tuberculous lesions were found in the appendix in but five cases 
(9, 13, 37, 46, 50). In each of these, tuberculous ulcers were observed 
in the ileum, and in four of them tuberculous ulcers were also found in 
the caecum or ascending colon. However, no tuberculous lesions were 
found in the caecum or colon in one of the cases (46). In this case the 
appendix was markedly bulbous (to the size of a thumb) and the walls, 
although much thickened and fibrous, also showed coarse caseous nodules. 
(It is worthy of note here that in this case a massive haemorrhage from 
the bowels was an immediate cause of death. This appeared to be the 
only case of the series with a clinical record of massive enteric haemor- 
rhage.) 

In another case (50), although the appendix was large and bulbous, 
there was no notable inflammatory reaction surrounding it. On opening 
it, the walls were found to be definitely thickened but not caseous, and 
the bulbous portion contained thick yellow pus; however, no definite 
ulcers were observed in the mucosa. 


CAECUM AND COLON 


Tuberculous lesions were observed in the large intestine in 11 cases. 
In all but two (27 and 40) of these cases lesions were also found in the 
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small intestine. In the large intestine the tuberculous lesions were 
invariably most marked in the caecum. The lesions of the mucosa of 
the large bowel were characteristically linear, transverse ulcers occupying 
the ridges of the transverse rugae. In no case was ulceration noted in 
the recesses between the rugae. 

No areas of ulceration were observed in the lower colon or sigmoid. 
- However, these were not systematically and thoroughly explored. 


FISTULA-IN-ANO 


Five cases of the series had a clinical diagnosis of fistula-in-ano. 


GENITAL ORGANS 


Though tuberculosis of the epididymis and testicle is a frequent compli- 
cation in our wards, it so happened that no cases with these conditions 
were included in this series of autopsies. 


SYPHILIS 


Recent blood Wassermanns had been made on 41 of these 50 cases. 
Only one was reported as giving a positive reaction. This was the case 
(49) of a colored man with no record or clinical symptoms of syphilis 
and no autopsy findings characteristic of that disease. 

As has already been noted, in the case (10) of aortic aneurysm, the 
history, clinical record and blood Wassermann had not suggested syphilis. 


DISCUSSION 


In these autopsies unexpected conditions were often found. This was 
strikingly true in connection with the intestinal tract. 

Of 9 cases in which extensive intestinal lesions were observed of both 
small and large bowels, note was made in the clinical records of no 
bowel symptom except moderate constipation in three cases, abdominal 
distress alone in one case, and abdominal distress together with diarrhoea 
in five cases. 

Of the 10 cases in which tuberculous lesions were found only in the 
small bowel, no notation was made in the clinical record of any abdominal 
symptoms in four cases, moderate constipation was recorded in two, and 
abdominal distress with diarrhoea was reported in four cases. 
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Of the two cases in which intestinal lesions were found only in the 
caecum and colon, no mention was made of abdominal symptoms in one, 
but diarrhoea was noted in the other. 

Of the 50 cases, the clinical records reported thirteen with notable 
diarrhoea. In these thirteen, tuberculous intestinal lesions were found 


in ten at autopsy. 
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ADDRESS OF THE PRESIDENT! 


THE EPIDEMIOLOGY AND CONTROL OF TUBERCULOSIS 
EUGENE L. OPIE 


The twenty-fifth anniversary of the founding of the National Tuber- 
culosis Association is an appropriate occasion upon which to consider its 
past, its present and its aims. A quarter of a century ago it selected for 
attack the gravest menace to human life and health and has made the 
struggle a national symbol of organized conflict against disease. It 
has sought to perfect methods for the control of tuberculosis and has 
brought them to the attention of every community in this country. 
Having been organized for the study and prevention of tuberculosis, it 
has striven with notable success to increase knowledge of the disease and 
to apply this knowledge to its control. 

The aphorism of Hermann Biggs, Health is purchasable, is accurately 
true in the sense he doubtless implied. Health is purchasable provided 
we know what to buy. In the attempt to purchase health the first step 
is the acquisition of knowledge that will determine whether our efforts 
are in the right direction. 

Those who have controlled the progress of this Association have not 
failed to realize that he who attempts to educate others must continually 
expand his own education. In the early years of its existence and until 
1917 it was called The National Association for the Study and Prevention 
of Tuberculosis, a somewhat cumbrous name but eloquent of its wisely 
chosen purposes. As a popular body established to promote human 
welfare, the National Tuberculosis Association has been unique in the 
magnitude of its endeavor to promote investigation of the cause and 
nature of the malady it attacks. The admirable work of the Committee 
on Research has encouraged investigation of tuberculosis throughout this 
country and made possible an immense volume of profitable study that 
would otherwise have been impossible. Sustained effort to explain the 
relation of the tubercle bacillus to its host is indispensable to accurate 
knowledge of the disease. 


1 Delivered at the twenty-fifth annual meeting of the National Tuberculosis Association, 
Atlantic City, New Jersey, May 28, 1929. 
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Fhe startling demonstration that tuberculosis is a transmissible disease 
was made about sixty years ago and in the next decade the tubercle 
bacillus was discovered. Upon these discoveries are based almost all 
the measures we are now using for the control of tuberculosis. Dis- 
semination of tubercle bacilli has certainly been retarded by measures 
directed to promote various forms of cleanliness. Segregation of 
patients with open tuberculosis, in so far as they are discoverable and 
controllable, has unquestionably diminished the spread of contagion. 
Dispensaries for tuberculosis have been an effective means of discovering 
many who suffer with tuberculosis so far advanced that they are scatter- 
ing the bacillus about them. 

Some of our efforts, however, have been less successful. Discovery of 
early tuberculosis has in large part failed because the methods available 
to dispensaries have been inadequate for the purpose in view. Com- 
pulsory registration of those who suffer with tuberculosis is as yet little 
more than a pious wish. Ignorance and prejudice oppose measures for 
the control of the disease and, in consequence, health education has 
become one of the chief endeavors of the National Association. 

After the discovery of the tubercle bacillus the procedures apparently 
needed to control the spread of tuberculosis seemed very simple indeed. 
Search for those who suffered with the disease and prevention of direct 
and indirect transfer of infectious material seemed to offer little difficulty. 
By these means much has been accomplished, but it has gradually been 
learned that causation of tuberculosis is modified by factors that in- 
crease the difficulties of control. 

Great advance in our knowledge of the aetiology of tuberculosis has 
gradually come from recognition of the wide dissemination of tuber- 
culous infection. Observations made at autopsy and tuberculin tests 
during life have shown that few who reach adult life in the cities of 
America and Europe have escaped infection. Some of the consequences 
of this widespread infection deserve attention. Infants, older children 
and even adults who come into contact with tubercle bacilli for the first 
time are readily infected, and their fate doubtless depends upon the 
quantity of infecting material they receive and their susceptibility to 
the disease. The widespread first infections of.civilized countries are 
a grave source of danger, for their variations range from trivial 
lesions that produce inconspicuous scars and no impairment of health to 
advanced disease and death. Again these infections, like vaccination 
against smallpox or inoculation against typoid fever, confer immunity, 
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which increases resistance to subsequent infection and, should subse- 
quent infection nevertheless occur, profoundly modifies its course. It is 
now widely recognized that the tuberculosis of adults is tuberculous 
infection modified by the resistance conferred by these spontaneous 
inoculations of childhood. 

The relatively simple conception of tuberculous infection accepted 
immediately after Koch’s discovery is thus being displaced by one that is 
less readily understood; indeed many of the factors involved are still 
obscure. ‘The fate of those infected in infancy and childhood depends 
upon conditions that are only partially known. It is by no means easy 
to unravel the consequences and characters of an infection that on the 
one hand confers resistance and on the other hand is itself a source of 
danger. 

Hence in the attempt to control tuberculosis we must concern our- 
selves not only with its transmission from the sick to the well but with 
the existence of widespread concealed infections of varying grades of 
intensity, which in many instances under unfavorable conditions will be- 
come manifest disease. A survey of high-school children in Philadelphia 
just completed has shown that at least two in every hundred presumably 
healthy school children between the ages of 12 and 18 years have 
grave pulmonary tuberculosis recognizable by symptoms and charac- 
teristic physical signs or by roentgenological examination. 

Diminishing mortality from tuberculosis has to some extent pro- 
duced the impression that control of the disease is assured. Inferences 
from the diminishing death-rate will do much harm if they suggest the 
relaxation of effort. We should keep in mind some trite figares. One 
hundred thousand persons die from tuberculosis in this country every 
year and approximately one million suffer from the disease. Bearing 
in mind that this toll of disease and death occurs in large part in early 
adult life tuberculosis may still be regarded as the greatest scourge 
of the human race. 

The widespread prevalence of tuberculous infection, as revealed by the 
tuberculin test, by roentgenological examinations and by observations 
made postmortem, demands consideration in any attempt to estimate the 
significance of the diminishing death-rate from tuberculosis. Some have 
found evidence, based, I believe, upon the use of inadequate methods, 
that incidence of this all but universal infection revealed by the tubercu- 
lin test has undergone a diminution parallel with the modern fall in 
the mortality from tuberculosis. Observations made on the school 
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children of Philadelphia show that the prevalence of infection indicated 
by the intracutaneous tuberculin test is scarcely less than that of one 
of the most crowded cities of Europe, Vienna, where comparable tests 
were made twenty years ago. Furthermore, this survey has shown that 
many children presumably in good health and in great part in the period 
of adolescence have advanced tuberculous lesions that in some instances 
have begun to undermine health and in others have produced, so far, 
no recognizable disturbance. 

The menace of this widespread concealed infection, much of it just 
below the level of our vision, is obvious. Existing economic conditions 
are unfavorable to the development of tuberculosis, which is pre- 
eminently a disease of poverty. Experience of the World War suggests 
that mortality from tuberculosis may rise with astonishing rapidity 
should these conditions be reversed. Dublin points out that the death- 
rate from tuberculosis in German cities, which was only 157 per 100,000 
in 1913, rose in 1918 to 287. Similar increases occurred elsewhere; in 
Warsaw 840 of every 100,000 died from the disease in 1917 and in the city 
of Belgrade the rate rose as the result of military occupation and want of 
food to the “horrifying figure” of 1400. It is noteworthy, as Dublin 
states, that active tuberculosis was especially prevalent among children. 
With the establishment of normal conditions of industry, feeding and 
housing the death-rate fell to that which prevailed before the War. It 
can scarcely be doubted that this sudden increase of fatal tuberculosis 
was in large part due to the transformation of advanced latent infection 
into active fatal disease under the influence of malnutrition and other 
conditions‘imposed by war. 

Knowledge of the occurrence of tuberculous infection in the com- 
munity and of the conditions that favor or retard its spread is the basis 
of all effective efforts to control the disease. In other words accurate 
insight into the epidemiology of tuberculosis is essential to every enter- 
prise of this Association. It is my impression that we have in some 
degree overlooked this relation and in many instances with uncritical 
complacency have allowed our procedures to remain almost unchanged. 
Early recognition of tuberculosis is notoriously defective, but we have 
not learned how to use new methods that have become available. Open- 
air schools, summer camps and preventoria are established for the care of 
children whose health is endangered by tuberculous infection but pro- 
cedures for the selection of children suitable for them have proved in 
large part futile. We advocate very urgently official registration of 
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tuberculosis, but measures to use to advantage the defective infor- 
mation that is obtained are conspicuously inadequate. 

There is one consideration that serves to emphasize our ignorance 
concerning some of the factors that determine the incidence and severity 
of tuberculous infection. In this country, as has been noted, many 
children and nearly all adults, as the result of preceding infection, have 
a measure of immunity, which protects from reinfection or at least 
modifies its course. Well-known observations, such as those upon 
African troops brought to Europe during the World War, have shown 
that aborigenees, who for the first time come into contact with tuber- 
culosis, suffer in adult life with an acutely fatal form of the disease that 
resembles that of infants. Is it possible that this condition would 
reappear among us should minor infections begin to disappear? We 
cannot answer this question, but no sophistry can convert it into a 
plausible argument against efforts to restrain the spread of the disease. 
On the other hand it may serve as a warning to those who prophesy 
early eradication of tuberculosis. 

Knowledge concerning the distribution and spread of disease, that is, 
its epidemiology, is obtained in two ways, namely, by direct observations 
and by statistical methods, the latter being wholly dependent upon the 
former. In the more civilized countries of the world there is accurate 
information concerning mortality from tuberculosis and many but not 
all other important diseases (for instance, syphilis). Information con- 
cerning morbidity from these diseases depends upon the readiness with 
which they are recognized and can rarely be made precise except by the 
identification of the causative agent. The value of sputum examination 
for the diagnosis of tuberculosis is universally understood but its sig- 
nificance as a public-health measure is inadequately appreciated, even 
in municipal dispensaries established for the control of the disease. 

Information concerning morbidity from tuberculosis has little value 
unless it is based upon direct observation of patients made with the best 
methods at our disposal and continued during a period of years. Data 
obtained by questioning patients with tuberculosis are often inaccurate 
and misleading. Nevertheless much statistical evidence has been 
collected by this method and far-reaching conclusions have been drawn 
from it concerning the transmission of tuberculosis and the effects of 
environment, heredity and constitutional susceptibility to the disease. 

The attempt has been made to answer some very important questions 
by “hearsay evidence.” Information concerning the transmission of 
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tuberculosis from husband to wife has in large part determined opinion 
concerning the susceptibility of adults to infection. It hasbeen obtained 
by questioning tuberculous patients concerning the medical history of 
their parents. Mathematical analysis of a vast number of these family 
histories has given information that is perhaps misleading. Direct 
observation made over a period of years with the aid of all available 
diagnostic methods appears to give a wholly different answer to the 
problem of adult infection. 

It may be profitable to cite some specific problems, the solution of 
which are essential to effective control of the disease. 

We know how many people die from tuberculosis but we have no 
accurate information about the number who suffer with the disease. 
The Framingham demonstration furnished interesting information and 
introduced numerous controversies, which are still unsettled. Every 
community, rural and urban, should know how many of its members 
have open tuberculosis and are scattering tubercle bacilli, how many 
have manifest disease but no tubercle bacilli in the sputum, and, equally 
important, how many children and adults have grave latent infections 
that threaten active disease and are a potential source of transmission. 

It is widely known that mortality from tuberculosis increases rapidly 
during adolescence and that in each decade during the last fifty years 
it has been much greater in young girls than in boys, yet we have no 
accurate information concerning the age and sex incidence of tuberculous 
infection separated into the groups just enumerated or of the conditions 
that influence susceptibility at different ages. 

Open-air schools for the prophylactic care of tuberculosis, summer 
camps and preventoria have been established on a vast scale throughout 
the country, yet we have in operation no machinery to select those 
children who will be benefited by admission to these institutions. 

The early recognition of pulmonary tuberculosis is enthusiastically 
advocated, yet we do not know how frequently it is possible and there 
is wide difference of opinion concerning the methods that are most 
successful. 

The prevalence of tuberculosis in the negro race, often in an acutely 
fatal form, is one of the gravest problems of public health in this country. 
We do not know whether the race is innately susceptible to the disease, 
or suffers from it as the result of economic conditions, or escapes spon- 
taneous protective inoculation in early life more frequently than the 
white race. Without this knowledge intelligently devised procedures 
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in their behalf are scarcely possible. Means for the solution of these 
problems are at our disposal. 

We have made little attempt to learn why tuberculosis is prevalent 
among the American Indians. They have been allowed to solve their 
own tuberculosis problem and have made ghastly progress to this end. 

The time has now come, I believe, when the Association should recog- 
nize investigation as a practical method of estimating the value of its 
current work, of perfecting the procedures that it advocates, and of. 
devising new methods for tuberculosis control. 

It is commonplace knowledge that business enterprises have widely 
recognized the value of investigation as a means of promoting their 
success. Such investigation in its most rudimentary form records the 
cost of raw material, of labor, and of every item that enters into manu- 
facturing and ultimately reveals the factors that determine profit or 
loss, thus eliminating errors and diminishing waste. A more advanced 
type of investigation searches for improved processes of manufacture or 
distribution. Industrial concerns have found it profitable to maintain 
groups of experts who determine the effectiveness of procedures in use 
and search for better methods. Many have gone so far as to establish 
magnificent research laboratories at great annual cost. 

The National Association has in some measure promoted investigation 
of the epidemiology of tuberculosis directly applicable to the control of 
the disease. The Framingham Demonstration, which was made possible 
by funds given with far-seeing vision by the Metropolitan Life Insur- 
ance Company and was successfully conducted by the Association, 
has furnished a wealth of valuable information and has served as a model 
for similar enterprises of vast promise undertaken by the Milbank 
Memorial Fund. By a special standing committee this Association 
seeks to promote sociological research and through its Statistical Service 
has obtained much useful guidance. Nevertheless, methods of investi- 
gation have not been incorporated into the routine activities of the 
Association. 

It is noteworthy that no special provision has been made for the dis- 
cussion of problems of the epidemiology of tuberculosis at these meetings 
of the Association. Significant technical studies in great number have 
been presented before the Clinical and Pathological Sections at the 
annual meetings and discussed by those who seek to extend knowledge of 
the pathogenesis and clinical course of tuberculosis. The Sociological 
Section is devoted to discussion of questions of interest to social workers 
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and the Administrative Section has been organized to meet the needs of 
executive officers. The Association has, however, established no forum 
before which technical aspects of the epidemiology of tuberculosis may 
be discussed from the standpoint of preventive medicine. The problems 
involved may be solved by clinical, pathological, bacteriological, statisti- 
cal or other methods, but they must be approached from the standpoint 
of preventive medicine and they demand the best thought of those who 
-are professionally concerned with the preservation of public health. 

The scientific background of the activities of the Association is, in a 
broad sense, the epidemiology of tuberculosis. The National Associa- 
tion, following the lead of successful business organizations, might well 
consider the desirability of developing within its organization a group of 
workers qualified to measure by technical methods the success of the 
procedures that it advocates and to seek out new measures of prevention 
based upon knowledge of the occurrence and spread of tuberculosis. 
The existing plan of promoting the development of capable investi- 
gators by fellowships, pursued as yet somewhat tentatively, has con- 
spicuous advantages and might be extended to produce workers tech- 
nically trained in preventive medicine and with special knowledge of 
tuberculosis. 

Local branches of the Association in some of the larger cities might 
consider the desirability of establishing machinery to measure the 
effectiveness of the work they are doing and to devise new procedures for 
control adapted to local conditions. There has been sporadic activity 
with this aim in view. When the local organization is impressed with 
the need of an inventory of municipal or state agencies concerned with 
public health, it supports financially, or contributes to the support of a 
survey conducted by an investigator who, like the judges of certain 
mediaeval cities, is temporarily imported from a distant community. 
Such surveys have been made from time to time in many of the 
large cities of this country. Much good has been accomplished by these 
spasmodic surveys, but they have the disadvantage that they leave 
behind no machinery that will continue to measure the effectiveness of 
public-health control. The establishment of an association of municipal 
tuberculosis dispensaries in New York City has been a step in this 
direction. 

Many of those who are earnestly concerned in promoting public 
welfare believe that methods of investigation are incompatible with 
practical measures for the relief and control of disease. Practical men 
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of business, on the contrary, have abandoned, to their profit, the opinion 
that investigation and practice are antagonistic and maintain that they 
are inseparable. 

On this twenty-fifth anniversary we may regard with great satis- 
faction the achievements of the past, but at the same time, in my belief, 
we should not encourage the optimistic suggestion that tuberculosis is 
under control. It is an insidious disease, as yet imperfectly understood. 
Efforts to control it are restricted by inadequate knowledge concerning 
its occurrence and mode of spread. Health is purchasable—if we know 
what to buy. 


A DEVELOPMENTAL CYCLE OF THE TUBERCLE 
BACILLUS AS REVEALED BY SINGLE-CELL 
STUDIES! 


MORTON C. KAHN’ 


In recent years a number of contributions have appeared in the litera- 
ature referring to morphological and tinctorial variants from the usually 
encountered acid-fast tubercle bacillus. Hypotheses and experimental 
evidence have been advanced to explain these differences, but for the 
most part bacteriologists are in disagreement even at the present day. 
Particular impetus has recently been given to the subject of the biology 
of this microérganism by the now well-known claim of the French inves- 
tigators pertaining to the possibility of a filterable phase during the devel- 
opmental cycle. Prior to 1910, when Fontes (1) made his first observa- 
tion on filterability, certain other European investigators had attested to 
the presence of distinct morphological variants. 

Mallassey and Vignal (2), in 1883, recognized three such types: first, 
certain microérganisms which occurred in zooglear masses; second, a form 
producing definite phlogogenic bodies in tissue; and, third, indefinitely 
staining coccoid types occurring in groups and in single, double or triple 
formation. They stated that the last-named form did not produce tuber- 
culosis upon experimental inoculation. The zooglear masses, however, 
resulted in the production of bacillary tuberculosis. 

Aufrecht (3) noted that the tubercle bacillus differed in size, and it was 
surmised by him that, when a microérganism had attained a length twice 
its width, it had reached maturity. Karwacki (4), in 1926, found that 
acid-fast bacteria varied in their resistance toward formalin, a weak solu- 
tion totally or partially destroying acid-fastness. One strain survived 
exposure to a 15 per cent strength of the substance, but the resulting 
growth became colorless and mucoid and half the cells lost their acid-fast 
properties. 

Schroen (5), 1891, considered the tubercle bacillus to be an encap- 


1 This study is part of a group investigation in codperation with the Research Board, 
National Tuberculosis Association. 
2 Department of Public Health and Preventive Medicine, Cornell University Medical Col- 
lege, New York City. 
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sulated, homogeneous mass of protoplasm, having granules there em- 
bedded at various points. He considered the protoplasmic material 
to be connected by lateral bands which are possibly the intracellular 
dark zones but which he termed capsules. One method of propagation 
described by Schroen was the formation of a sac at certain points, which 
ultimately burst and liberated one or several granules. He stated that 
under unfavorable conditions the bursting phenomenon is obviated, but 
that very tiny bacilli will grow out from the parent rod and break away. 

Semmer (6) in 1895 described an interesting form which occurred as a 
long thread many times longer than the tubercle bacillus as usually en- 
countered. This he considered the ultimate perfect stage of develop- 
ment, while in the human and animal body the existence of a short rod 
represents only an intermediate phase. He considered the same phe- 
nomenon to be demonstrable at times with the anthrax bacillus. The 
long threads described by Semmer contained a number of dark-appearing 
bodies which he considered elements capable of germination,—‘“‘spores.”’ 
Light and shiny areas appearing in the rod were taken to be vacuoles 
from which the spores had escaped. Aside from these mycelial types, 
small coccoid bodies were found floating in the medium instead of grow- 
ing like a scum on the liquid surface. Semmer considered the tubercle 
bacillus and the organisms of diphtheria to be closely allied as regards 
their developmental cycle, adjusting themselves according to the living 
human or animal environment, that is, the tissue in which they happen to 
be located, and the end state of their development occurring only outside 
of the animal body. 

Ferran (7) in 1897, and (8) in 1903, and later Petroff (9) were able to 
produce a number of non-acid-fast rods by growing tubercle bacilli on 
media poor or lacking in glycerol, peptone and sugar. Ferran claims that 
under these conditions slowly motile and flagellated types developed, 
which later lost both characteristics, forming into longer or shorter rods, 
separated from each other and with no tendency to form a growth-mem- 
brane. These non-acid-fast types were claimed by Ferran to be of less 
virulence than the acid-fast rod and to be taken as tubercle bacilli in the 
saprophytic stage, under which condition they show great morphological 
variability and inconstancy. He believed this to be the first stage of 
development, in which after an indefinite period and according to various 
conditions, the non-acid-fast saprophytes develop into acid-fast tubercle 
bacilli. The acid-fast stage is not to be considered the only infective 
agent of spontaneous tuberculosis in man, according to this invesiigator. 
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Schuermayer (10) in 1898, considered actinomyces and tubercle bacilli 
to have similar intermediate stages of their development and therefore 
to be closely related generically. He states that both organisms include 
in their various morphological types a mother form or ¢hallas, which only 
in exceptional cases can be produced on artificial media, usually not living 
in the organs but as a saprophyte in the outer world where it is able to 
exist and multiply by division and spore-formation. 

Arloing (11) in 1898, from a culture of tubercle bacillus grown on liquid 
medium recognized in unstained preparations two distinct morphological 
types. One of these formed a veil-like growth on the surface of the me- 
dium while the other apparently had its habitus in the depths. Hanging- 
drop preparations revealed a number of motile (mobile) micrococci, but 
after fixing and acid-fast staining only the usual bacillary types were 
demonstrable. Arloing considered that certain individual rods in a cul- 
ture of B. tuberculosis at times showed varying degrees of true motility. 
Dubard (12), in 1898, after some forty generations succeeded in acclima- 
tizing tubercle bacilli to the environment of poor media, such as plain 
broth, and finally obtaining in that substance plentiful and rapid growth. 
Under these conditions the organism revealed some interesting peculiari- 
ties of growth. Instead of having the tendency to form masses, growth 
was obtained homogeneously, dispensed throughout the medium, and 
appearing as a mixture of typical typhoid culture and streptococcus. 
Under hanging drops the bacilli were found to be well isolated from each 
other with many of them freely moving over and around thefield. The 
cultures, left alone for some time, showed deposits of typical forms of 
bacilli and granules, but a number of true branching types were also to be 
found. In this stage the various forms did not stain well by theacid-fast 
method but the gram-stain revealed them clearly. Ramond and 
Ravaut (13), in 1900, were unable to confirm Ferran’s results, and did 
not succeed in producing the so called saprophytic type of human tubercle 
bacillus by transplanting on different culture media poor in nourishment. 
They succeeded, however, in transferring B. smegma and the avian tuber- 
cle bacillus into non-acid-fast types by the aforementioned process. 

Arloing and Courmont (14) in 1900, after transplanting a certain 
human strain of tubercle bacillus from glycerine-broth on to plain broth 
and afterward on to potato, observed individual organisms of different 
forms of behavior and received the impression that many were closely 
allied to the avian type. In glycerine-broth the bacilli were immobile, 
while in plain broth and on potato a certain degree of motility was ob- 
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served which diminished with age and generation. The staining proper- 
ties of the various forms varied with the age of the culture to some 
degree, there being noticeably fewer acid-fast forms in the younger 
growths. Guinea-pig inoculations showed at first evidence of tuberculo- 
sis only in the lymph nodes, while after several animal passages the injec- 
tions resulted in classical miliary tuberculosis. From this evidence they 
speculated that, although closely allied to the avian tubercle bacillus, 
after undergoing the treatment mentioned the culture still maintained a 
fraction of its ancestor, the human type. 

Arrigo (15) in 1900, in a comprehensive study of the bacterial popula- 
tion of scrofulous lymph nodes, came to the conclusion that these involve- 
ments are of a tuberculous nature. He further recognized that the 
tubercle bacillus is able to exist in the broken down lymph node in 
several different phases as follows: J: Very long and thin bacilli, single 
or arranged in bundles, bunches or long chains, the latter being very 
similar in appearance to streptococci. Some of these chains showed large 
swollen granules arranged like the beads of a rosary. 2: Bacilli with 
long side branches, bearing buds, some in dichotomic division on one 
of the ends, others seen with clubbed shaped swellings on one end. 3: 
Puffed-up or swollen bacilli filled with intensive staining granules. 4: 
Short stout bacilli, somecontaining two or three intensely staining granules 
with others showing small tiny buds, projecting from the bacillary proto- 
plasm. 5: Very thin, long or short bacilli, appearing black or greenish, 
corresponding to the chromatic metamorphosis described by Schroen. 
6: Small spherical ‘‘germ” granules, free or surrounded by protoplasm. 
These forms were at times observed in the nuclei of the lymphocytes and 
of the giant epithelioid cells. 7: Coarse granules larger than those round 
or oval in outline. 8: Small, tiny forms which were supposed to be the 
remainder of regular granules. And, lastly, 9: Still smaller particles 
which were taken by Arrigo to be amorphous detritus. 

Ernst (16) in 1902 noted little chromatic bodies contained in bacterial 
protoplasm, and while others of his day considered the occurrence of 
such bodies to be signs of degeneration Ernst’s opinion was that they 
closely resembled spores, being especially designed for resistance and 
regeneration. He called such bodies condensed plasma or sprouting 
plasma and considered them to contain the inherited abilities of the 
organism. Ernst’s observations in this particular study were not made 
on tubercle bacilli but on root-nodule bacteria. 

Auclair (17), in 1903, by successive replantings and shaking claimed to 
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have transformed two different strains of human tubercle bacilli into 
saprophytic types of constant morphology, having always the same 
characteristics. The ‘‘new” bacillus formed homogeneous-growth clouds 
in liquid medium and gelatine. The development took place with great 
rapidity at a temperature of 37°C. and less rapidly but successfully at 
room temperature. The organism was found in its new phase to be mo- 
tile, strictly aerobic, a fermenter of lactose and with gelatine-liquefying 
properties. These so called saprophytic types were found to oe nonviru- 
lent upon animal inoculation. 

Ferran (18), 1903, duplicated generally the results obtained by Auclair, 
and in addition stated that the saprophytic types of tubercle bacillus 
are non-acid fast and able to grow anaerobically as well as under aerobic 
conditions. He explained this difference by stating that his experiments 
were performed on a number of strains and under variable conditions, 
while those of Auclair were done on a single strain and under constant 
conditions. 

Maher (19), in 1904, succeeded in isolating. from the scrapings of a 
barn a large acid-fast bacillus, which, when grown on blood or milk 
media, measured some 0.75 to 2 mu in width and 3 to 8 mu in length, 
and the author stated that one such individual could cover a dozen tuber- 
cle bacilli. It was nonmotile, facultatively anaerobic and, when grown 
on bouillon, rendered this medium turbid, together with the formation of 
a top scum and sediment. When injected into guinea pigs, tuberculosis 
was produced. ‘This organism was named by the author Bacillus mater- 
nus, as he believed it or similar forms to be the adult forms of the tubercle 
bacillus. On blood- and milk-serum it reproduced by fission, at the same 
time depositing acid-fast matter. The large ovoids were found to repro- 
duce large granular rods, while the small ovoids and crescents, under 
suitable environment, became acid-fast rods indistinguishable from the 
tubercle bacillus. 

Spengler (20), in 1905, observed in sputum acid-fast bodies consider- 
ably smaller than rods of the tubercle bacillus, which he called splitters 
(Splittern). At times these forms were found to stain rather weakly 
with the red dye. The “splitters” were considered as forms which ap- 
peared in cultures near to the limit of their vitality, and their develop- 
ment into clumps of bacilli only took place under the most favorable 
circumstances. 

When planted on favorable media they were frequently observed to 
form groups, and after a little time rods were noted to have formed 
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where only “splitters” had been before. The splitting type was ob- 
served frequently in chickens with avian tuberculosis, and Spengler specu- 
lated to the effect that human beings showing this type of acid-fast bod- 
ies may have been infected with the avian tubercle bacillus, especially 
when found with very delicate rods, which strongly suggested avian 
strains. Spengler noted that the resistance of these “splitters” to forma- 
lin and other chemicals was considerably less than that of the rods. 

Among the less recent workers, Much’s work (21), in 1907, on the non- 
acid-fast granules of the tubercle bacillus caused considerable interest and 
did a good deal toward rendering bacteriologists sceptical as to whether 
direct fission was the sole means afforded this microérganism as a method 
of reproduction. Much noted that in so called cold abscesses acid-fast 
bacilli are seldom if ever to be found, while culture and animal inoculation 
give a high percentage of positive results. He also noted that the acid- 
fast bacilli disappear and reappear in sputum from week to week and 
during their absence gram-staining revealed small gram-positive granules 
and rods. The granules very often appeared side by side in such forma- 
tion as to indicate that they were the offspring of a single rod. In old 
cultures acid-fast forms of granules were noted lying together in rows 
having the rod form. They seemed to be surrounded by some sort of 
capsule. Much noted that if the capsule-formation was lacking the gran- 
ules appeared as non-acid-fast. Tubercles were found in animals which 
showed only the granular forms of the microdrganism, and these upon 
animal inoculation indicated high virulence. Other tubercles showed 
both the rod and granular forms, the former being more plentiful in the 
necrotic regions while on the edges the granulated forms were gathered. 
From this study Much concluded that the Ziehl-Neelsen stain does not 
reveal in acid-fast form all of the components of the tubercle bacillus 
which are concerned in the production of the disease, and that aside from 
such bodies others are present which only become apparent after gram- 
staining. 

In publications appearing shortly afterward, Much (22) (23) further 
stated that gram-staining granules might be associated with fine, thin, 
non-acid-fast rods, and he felt that he had shown a life-cycle in continuity 
somewhat as follows: Gram-positive granules—gram-positive rods—non- 
acid-fast rods—acid-fast and gram-positive rods—acid-fast granules. 
On some of the gram-positive granules Much noted projections which he 
considered remnants of the parent bacillus. He did not observe bacilli 
containing more than five granules. (In our study with the use of Kry- 
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low’s (24) carbol-fuchsin, carbol-methyl-violet stain, rods with 8 to 10 
granules have been seen, and on one occasion an individual bearing 16 
was observed.) Much injected guinea pigs with pus obtained from a 
tuberculous knee. This specimen did not show acid-fast rods. The 
next day the peritoneal exudate did not show acid-fast organisms but 
many gram-positive granules. After 48 hours the exudate revealed gram- 
positive rods and a few acid-fast rods, but cultures made from this exudate 
remained sterile. After six weeks, however, the guinea pig on autopsy 
showed classical miliary tuberculosis, with acid-fast rods everywhere. 

In the same year (25) Much extended his studies to bovine lung tuber- 
culous conditions. Some material obtained from such sources contained 
no demonstrable acid-fast rods, but upon inoculation a positive result, 
causing death, was obtained. Careful observations made on the sputum 
of tuberculous patients showed the content of acid-fast rods to be var- 
iable. At times no acid-fast rods were to be found where they had been 
plentiful a short time before, and they would reappear afterward. 
Sputum negative for acid-fast rods gave rise to tuberculosis when inocu- 
lated into animals. Gram-staining other specimens, Much found par- 
ticular forms which were not revealed by the acid-fast method: among 
these may be mentioned a granular form of rod, granules arranged in 
clusters or bunches, or singly and entirely free. He also observed forms, 
non-acid-fast in character, which were considered intermediate between 
the non-acid-fast forms to the granular forms and acid-fastness. It was 
found that in the granular stage the tubercle bacillus maintained its full 
tuberculogenic properties. In this article Much also alluded to a granu- 
lar form of rod which was not acid-fast. 

In 1908 Much (26) came to the following conclusions in regard to the 
identity of the granular forms previously described by him, and the “‘split- 
ters” of Spengler: He felt that Spengler’s forms possessed a spore-like 
character which was not the case with his granular phases. Further, 
Much claimed that the granules were easily destroyed by chemicals, 
which was not the fact with acid-fast rods, and that the “splitter” and 
granule differed considerably in size, the ‘“‘splitter” being large and coarse 
while the granule was a good deal smaller and finer. 

Betegh (27), in 1908, described certain types which may be considered 
more closely allied to the “splitting”? forms of Spengler than to Much’s 
granules, and he thought these to be the primary stages of development. 
Knoll (28), 1910, considered the granules of the tubercle bacillus as endo- 
spores,—that they break through the cell-wall of the microérganism, leav- 
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ing a vacuole, and later sprout acid-fast bacilli. Spengler (29) treated spu- 
tum, containing tubercle bacilli in rod form only, with vapors of acids at 
certain temperatures, and then succeeded in changing the rod into the 
“splitter” type. On the other hand, he found that under optimal condi- 
tions of rich medium, the “splitter” re-grew into rods. In contradistinc- 
tion to this work, Niessen (quoted from Spengler) claimed that the small 
acid-fast forms described were not concerned in the reproduction of the 
parent bacillus but were degenerate particles of it. The above-men- 
tioned experiment seemingly answered Niessen’s criticism. These experi- 
ments, published in book form in 1911, had previously been carried out by 
Spengler in 1905. Lastly, he stated (30) that the “splitters” were involu- 
tion forms found in convalescing patients or in old cultures poor in nutri- 
tive qualities. Planted on rich medium, these “splitters” developed 
groups and clusters of “‘splitters’ where in the beginning only a single such 
form had been observed. In these clusters rods also developed. It was 
considered that the human type of rod was much more fragile than the 
bovine type, and that if “‘splitters’ were found in a specimen it could 
be taken for granted that the infection was of human origin. 

Among forms similar in nature mentioned by other observers (31) are 
those in which several granules of uniform size or of different size occur in 
one row. In these forms spaces between the granules are clearly seen. 
Rods with bipolar granules, single granules or round oval shapes, acid- 
fast in nature, were also noticed. At this time it was felt that the gran- 
ules were lipoidal in nature and possibly cells of special chemical composi- 
tion acting as reservoirs for food material. 

Much’s work was confirmed in part by the observations of Matson 
(32), 1913, who carefully examined the sputum of 128 suspected tuber- 
culosis patients, which were negative for the acid-fast rods but which 
showed the presence of Much’s types. After a certain time five of these 
cases developed miliary tuberculosis, 92 incipient pulmonary tuberculosis 
without softening, and 31 cases presented definite physical signs of chronic 
bronchitis, of which 11, representing long-standing pulmonary affections, 
showed Much types and were negative for acid-fast rods. The absence 
of Ziehl-Neelsen types and the presence of Much’s granules in the material 
studied led to the speculation that the transformation was due to a 
lipolytic ferment, which Bergel (33) had maintained to be present in lym- 
phocytes, and, accordingly, in proportion to the strength of the ferment 
the acid-fast portion was thought to suffer to a greater or less degree. 
It was stated that in cases in which caseation is almost or wholly lacking 
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only Much’s granules can be seen. These cases run a mild course and are 
often entirely masked with physical signs of chronic bronchitis. In these 
experiments sputum, containing Much granules and no acid-fast rods, 
was found to be virulent for guinea pigs. 

Bergel stated that certain types of cases of tuberculosis contained ele- 
ments in the lymph and blood-serum of a lipolytic nature, and in such 
cases Much granules were formed by the action of the fat-splitting fer- 
ment on the tubercle bacillus. Bergel was of the opinion that these forms 
were degeneration types, as were the “‘splitters” of Spengler, neither type 
being considered by him to be of generative importance. Bergel injected 
suspensions of bovine tubercle bacilli intraperitoneally into guinea pigs. 
Exudates taken periodicially from such animals showed progressive 
changes from acid-fast rods to acid-fast granules, and finally non-acid-fast 
granules and non-acid-fast rods. The acid-fast granules, taken to be 
remainders of old rods, were distinct on the eighth day after inoculation, 
and the non-acid-fast rods and granules made their appearance on the 
eleventh day. On the fourteenth day a few non-acid-fast rods were the 
only forms encountered. If the same animal is reinjected, the reaction 
takes place much faster, the non-acid-fast granules becoming apparent 
after five days. Bergel considered that these changes, which he desig- 
nated as degenerative, were induced by lipolytic ferments contained 
in lymph and the mononuclear blood cells. He thought the forms ob- 
served by him were identical with those described by Much and Spengler, 
and that therefore these investigators were in reality dealing with degen- 
erative forms, accordingly having no place in the generative life-cycle of 
the tubercle bacillus. 

Meader (34) in 1915, in partial support of Bergel, believed the presence 
of Much granules a favorable sign in the prognosis of a case of tuberculo- 
sis, and thought it important to search for these types before pronouncing 
no tubercle bacilli to be present. 

Much’s work was also confirmed by Sivori (35), 1920, Pelosa (36), 1924, 
and Franco (37), 1924, but these observers were also of the opinion that 
the presence of the non-acid-fast granules was a sign of favorable progno- 
sis, and therefore possibly to be considered a degeneration on the part 
of the bacteria. This view was also held by MacJunkin (38), 1921, who 
injected virulent tubercle bacilli into the peritoneal cavity of tubercu- 
lous guinea pigs, when he noted progressive granular degeneration, some 
of the forms being suggestive of Much’s types. 

Peter (39), 1922, considered the prognosis of cases showing Much’s 
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granules favorable, but made the additional observation that typical 
acid-fast rods may at times supersede the presence of the granules. Pla 
(40), 1914, noted coccoid forms in tuberculous lesions, and considered 
these a phase in the developmental cycle of the microédrganism. Bezan- 
con and Philibert (41), 1924, contributed a valuable observation. 
Growth obtained from glycerine-bouillon was washed in absolute alcohol 
and embedded in paraffin, and the sections stained with the Ziehl-Neelsen 
or Fontes stain. Microscopical examination revealed a dense net of 
blue hairy rods, from which acid-fast rods and very tiny granules were 
growing. In the very young cultures only a network of non-acid material 
was seen. After 16 to 25 days acid-fast rods were in evidence, but in 
60-day-old cultures the rods were largely replaced by granules. These 
writers extended their observations to several different cultures of tubercle 
bacilli, and came to the conclusion that the acid-fast rod is only a tempo- 
rary phase of the developmental cycle. 

On the other hand, Suyenaga (42), 1925, after rapid transplantation 
involving 340 generations, reported only a slight reduction in acid-fast 
staining properties. Stockwell (43), 1925, however, observed in a num- 
ber of cultures gram-negative bacilli and also motile forms. Vaudremer 
(44), 1926, felt that the pathogenic tubercle bacillus has to pass through 
a number of stages before it takes the form of the acid-fast rod, only cer- 
tain forms being developed in a rich medium at low temperature. In 
medium rich in fat and at a temperature of 37-38°C. he always found 
the classical Kochbacillus to be developed from a granular form. The size 
of the granular form was found to be variable, differing from exceedingly 
small and practically invisible units to clearly visible ones of a number of 
sizes. Vaudremer felt that the smallest forms were able to penetrate a 
Chamberlain-3 filter. Fontes (45), 1926, considered the granules appar- 
ent in the tubercular rod to be nuclear material which is primarily evenly 
distributed, but as the organism reaches maturity this substance concen- 
trates into certain zones, which are the deep-staining intracellular gran- 
ules. These may be bipolar or more numerous; they may be concerned 
in the process of division or be extruded from the rod, upon which they 
are capable of independent development. 

Calmette, Valtis and Lacomme (46), 1926, came to the conclusion 
that the classical Koch bacillus represents a form of tubercle bacillus in 
the advanced stage of development, the filterable elements being another 
phase in the cycle. Hishikari (47), 1926, considered his work to indicate 
that the intracellular granules exist in old cultures or in cultures on 
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unfavorable medium. Transplanting on fresh medium will affect their 
disappearance. He found the granules to be completely dissolved by 
ten minutes’ treatment with boiling water and considered them to be fatty 
substances created in the process of degeneration, and not spores or nuclei, 
as some others had assumed. 

Sweany (48), 1926, after a number of observations summarized his 
results as follows: J: That mutation in the tubercle bacillus takes place 
with regularity during vegetation, depending on the fundamental law of 
variation together with a particular alteration in environment. 2: A 
constant favorable environment is difficult to maintain for a long period 
of time either in old cultures or lesions. In either instance split forms 
may appear that are vastly different from the tubercle bacillus. 3: Ac- 
cordingly, there are produced mutation forms that may assume a great 
variety of cultural, morphological and pathogenic characteristics. 
4: The two most common types of mutants are the bacillary and the 
coccoid forms, although filter-passing forms also appear to exist. 5: 
Bacillary forms may pass over into coccoid forms and granules, and 
coccoid forms into bacilli, if the medium is suitable. 6: Mutation forms 
appear to develop from some of the gram-positive granules, which are 
perhaps resting stages of the tubercle bacillus. When cocci are formed 
there is a tendency to develop first diplococci and later various tetrads 
and staphylococcoid forms. Bacillary forms may also develop. 7: 
Many mutants are not pathogenic, many are of low pathogenicity, while 
others undoubtedly play a réle in disease processes. 

Therasse (49) , in 1926, observed, besides the acid-fast rod, non-acid-fast 
bacilli and chromogenic granules, and thought that under certain condi- 
tions nonvisible filterable forms were present. This investigator was of 
the opinion that the intracellular granule remains after the degeneration 
of the rod and may reproduce into acid-fast bacteria. Karwacki, Bogaka, 
and Gutentag (50), in 1926, with special methods isolated non-acid- 
fast tubercle bacilli, and were able to restore, in some cases, the acid-fast 
properties by planting on agar containing lanolin. Karwacki (51), 1926, 
upon planting tubercle bacilli out of pleural fluids, observed a pronounced 
morphological association in growing cultures, one part being acid-fast 
while the remainder underwent a change into cocci and rods deprived of 
their acid-resistance. After 10 to 20 days the appearance of the culture 
changed and only acid-fast microérganisms were to be found. In other 
cultures the morphological duality persisted, and, by transplanting on to 
glycerine-egg medium, colonies were obtained containing only cocci or 
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bacilli of a non-acid-fast nature. These forms grew more rapidly than 
the usual tubercle bacillus. 

Karwacki felt that additional evidence was obtained to substantiate his 
claim of a multiplicity of types by the study of agglutination. Certain 
pleural fluids agglutinated completely a given suspension, while others 
would only partially do so. Verber (52), 1926, closely followed the bac- 
terial population of the pleural fluid obtained from a case of tuberculosis. 
One and one-half months after artificial pneumothorax was performed, 
the fluid revealed short rods, granular forms, and minute forms like 
dust particles of uneven shape. The latter bodies were considered as 
possibly filter-passers. The first exudates were rich in acid-fast bacteria, 
but these disappeared after five months and none could be found in fluid 
taken after six months. The fluid, suitably controlled, was then injected 
into guinea pigs. After four months one of the animals died, and, while 
no macroscopic lesions were present, but one hypertrophied lymph node 
was found in which granular acid-fast rods were present. The same con- 
dition was found in two other guinea pigs which were killed. Verber 
concluded after further work that the exudates of tuberculosis patients 
contain invisible filterable forms of the Koch bacillus, derivatives of which 
resemble those granular forms which are almost always found in a certain 
number in pleural exudates. 

In the same year Karwacki (53) exposed cultures of tubercle bacilli, 
both human and bovine type, to twenty different tuberculous pleural 
effusions. All fluids were obtained from early severe cases. Four of 
these fluids did not react on their morphology, but in the other 16 the 
following changes were noted: giant forms, streptococcus types, very 
small cocci, cyanophilic or acid-fast. In some cases the changes in form 
ended in complete dissolution. In this paper the author reénforced his 
views on mutation, as it occurs in cultures of this microérganism, stating 
that the entire culture never undergoes mutation at the same time, one 
part staying acid-fast and the other becoming cyanophilic. Later the 
blue-staining forms multiply in a general way, the non-acid-fast forms 
then disappear gradually, and the culture regains its total acid-fast 
properties. Karwacki believed that there were a number of separate 
entities in a tubercle-bacillus culture which could be analyzed upon 
exposure to the pleural fluid. At times there took place complete lysis, 
ending in the formation of amorphous matter; on other occasions the 
formation of acid-fast and non-acid-fast granules was seen, which multi- 
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plied as such, and at times acid-fast rods lost their framework of fatty 
material and gave rise to various cyanophilic types. 

Bezancon and Philibert (54), 1926, considered the tubercle bacillus a 
higher parasite of complex structure, and they thought that the rod is only 
one of the forms of its life-cycle. From the botanical point of view 
they considered it closely related to the actinomyces. Besides the 
acid-fast forms, they state, there are non-acid-fast forms, chromophilic 
granules and filterable forms. They believed, however, that the filterable 
types were of no importance as far as contagiousness is concerned. 
Reenstiera (55), 1927, encountered non-acid-fast types in the form of 
round or oval granules or yeast-like cocci, and found these to be non- 
pathogenic for guinea pigs. From these coccoid types chains of round 
granules developed and also acid-fast rods. In guinea pigs the author 
was unable to induce tuberculosis with the cyanophilic coccoidtypes. He 
considered these cocci identical with the Much granules, and stated that 
they were possibly the gonidia of a group, of which the rod represents a 
reduced form. Oecerskov (56), 1927, studied ten different strains of human 
tubercle bacilli grown on various media. In only four of them did he 
note cyanophilic rods or granules, while the others maintained their 
acid-fast properties constantly for three years. 

Sweany (57), 1928, after a careful study of tuberculous material, ob- 
tained from man and the guinea pig, contributed a number of interesting 
observations. He saw in hanging-drop preparations thin motile fila- 
ments sprout from granules; finally the hull was shed off, and a free 
motile bacillary body was left tomoveaboutthefield. Twoorthree nodes 
appeared along the body and at both ends of the bacillus. These bodies 
ranged in size from 2.4 micra in diameter to the limit of visibility. At 
times two or more sprouts would come from onegranule. Occasionally 
Sweany observed large refractile granules divide into two parts and later 
into tetrads. The bacillary forms described were at first not acid-fast 
and gram-negative. Sweany observed that there were no visible forms 
from which these sprouting microdrganisms could come, except from 
tubercle bacilli. The author also observed granules pass over into 
bacilli by a simple process of stretching out, ultimately dividing by 
fission. In other granules the substance seems to be rolled up, and the 
simplest form of sprouting granule is an unfolding, to form a comma- 
shaped microérganism with a dark red nucleus and a brighter red curved 
body. 

Other changes of a highly interesting and suggestive nature were recorded 
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by Sweany. He states, inconcluding, that no rule has been observed regard- 
ing granule-formation. Granules exist in apparently favorable environ- 
ments, and do not exist sometimes in an unfavorable one. Granules 
in certain stages of their development can be made to sprout and repro- 
duce acid-fast micro6rganisms. They can in other stages be caused to 
sprout into actively motile bacilli that resemble young forms seen in 
bouillon cultures. These are non-acid-fast and motile. Sweany con- 
siders it possible that such forms may remain non-acid-fast in certain 
environments. Other granules had been observed to degenerate into 
coccoid forms resembling M. tetragenus, while others apparently go 
through a gonidiform stage in which granules are held together in a 
matrix, and may sprout again in a way similar to the free granules. 
These granules are capable of producing tuberculosis in guinea pigs when 
picked out by the single-cellmethod. They are also capable of producing 
pure cultures of tubercle bacilli. A semi-acid-fast mold-like growth was 
obtained, having tuberculogenic properties on animal passage. Very 
small ‘‘doses” of granules produce atypical chronic tuberculosis, while a 
typical form results from larger “‘doses.”” A fuller discussion of this work 
will be found in appropriate parts of the text. 

That, in certain stages of its life-cycle, the tubercle bacillus is able to 
pass a filter or that there is contained in cultures of tubercle bacilli or in 
tuberculous material a filter-passing virus with atypical or typical tuber- 
culogenic properties, has been claimed by a number of investigators, 
including Fontes, Valtis, Durand and Vaudremer, Calmette, Durand and 
Charchamski, Boquet, Arloing and Duforth, and Nelis; and in this 
country by Sweany, Mellon, and others, and for the avian tubercle bacil- 
lus by Depotter. 

As this phase of the problem is not directly a part of the observations 
of this experiment, no further mention will be given the matter here. 
The filterability of the various growth-phases, hereinafter described, is 
at the present time under investigation and a more detailed discussion 
will perforce await the outcome. 


EXPERIMENTAL 


The observations of the authors mentioned were made by studying 
stained preparations taken periodically from cultural or clinical material, 
sputum, pus, etc., or from hanging drops made with material obtained 
from similar sources. While interesting and often highly suggestive, 
observations and descriptions made on preparations, stained or otherwise, 
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in which a large number of microdrganisms are encountered, must be 
confusing when life-cycle studies are attempted. This is especially true 
if the individual forms are not undergoing an identical phase of their 
development simultaneously. Such a condition must seldom be the case. 
When examining preparations containing many bacteria, in the living 
stages especially, itis difficult, if not impossible, to keep the eye constantly 
fixed to a single individual, and if one glances away from the field, if only 
for a few seconds, onecannot be sure of returning to the individual bacillus 
under original observation. Thus, if valid information is to be obtained 
on the developmental process of this or any other microérganism, it is 
evident that the cycle of one individual, or of a small group with each 
member clearly differentiated, would have to be observed. The present 
investigation was undertaken with the plan of growing single tubercle 
bacilli and groups of not more than 4 to 6 microérganisms in microculture, 
so that hourly or daily observations could be accurately made ‘on identical 
individuals. For various technical reasons a number of preparations did 
not lend themselves to this end, but some were prepared in which the 
developmental cycle of the individuals could be followed from day to day, 


thus affording opportunity for accurate observation of the various 
phases. It should be distinctly understood, however, that the cycle 
about to be described may have taken place solely as a result of the 
method employed in the cultivation, and may therefore not be repre- 
sentative of its mode of growth in the animal body. 


Technique 


The strain of tubercle bacillus used was the H37, Saranac Laboratory, 
a human type obtained from the National Tuberculosis Association. 
Prior to this part of the investigation several weeks were devoted to 
isolating single microérganisms from the stock-culture, in order that the 
life-cycle observations could be initiated with a strain of absolutely 
known purity. Eighty-two such isolations were made and planted on to 
slants of 1 per cent agar, into which Long’s (58) formula had been incor- 
porated. Two of these plants gave rise to colonies which have been kept 
alive since that time, and the microérganisms used in the present life- 
cycle studies are the offspring of these original isolations. At the time 
these plants were made, however, the active part which the almost sub- 
visible granule takes in the life-cycle of the microérganism was not ap- 
preciated by the writer, and it is entirely possible that some of the micro- 
droplets may have contained tubercle bacilli in the granular phase in 
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addition to the observed single rod. It cannot therefore be stated that 
these two positive cultures were the offspring of one cell. 

Stock cultures were kept growing on Long’s liquid medium, replants 
being made at 14-day intervals. Luxuriant growth always ensued in a 
minimum of time, and in our hands this substance was found equal, if not 
superior, to glycerine, meat-broth or egg medium. It was quite indis- 
pensable in the single-cell studies, as it is water-clear, and thus no added 
difficulty was encountered from extraneous particles. 

For the purpose of isolating the single bacterium and small groups 
used in the life-cycle studies, the Chambers (59) (60) (61) micromanip- 
ulator was employed with the added accessories as recently advocated 
by Wright and McCoy (62). Several years’ experience in isolating single 
bacteria has afforded the conclusion that the Chambers apparatus is 
excellently suited for the purpose. Hort (63) has criticized certain 
optical difficulties supposedly attendant upon isolating bacteria by the 
droplet method. These were answered by the writer (64) in 1922, and, 
as far as is known, other workers have not criticized the technique, but it 
has come into general use among bacteriologists. The working principle 
of the apparatus consists in the use of tiers of rigid metal connected at 
their ends to form a z-like figure of resilient metal acting as spring-hinges. 
The bars are forced apart by screws and return when the screws are re- 
versed. By these means arc movements are imparted to the tips of 
micropipettes, which are attached to one of the bars. As the radius of 
each arc is about 2.5 inches, the fine movements imparted to the tips of 
the pipettes are practically in a straight line because the excursion never 
exceeds one millimetre. The micropipettes are made from soft-glass 
tubing having an inside bore of 1.5mm. This tubing is cut in lengths of 
some 14 cm., plugged at both ends with nonabsorbent cotton, and steril- 
ized in the hot-air sterilizer. The tubing is first made into a capillary 
pipette by being drawn out in the Bunsen burner. The fine end of the 
capillary thus formed is redrawn in a tiny “micro” burner made from a 
bit of the above-mentioned glass tubing. The flame of the small burner is 
regulated by a screw-clamp, and best results are obtained with the smallest 
possible flame. The fine-drawn pipette is bent at a right angle of about 
5mm. With this pipette having an inside bore of 1.5 to 2.5 micra, tiny 
droplets are placed on the under side of scrupulously clean cover-slips, 
which are mounted on a glass cell. With proper technique some of these 
droplets will contain single bacteria or small groups. Successful appli- 
cation of this technique is dependent upon the worker becoming adept in 
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making and manipulating the pipette. Strict attention should be given 
to the directions in the various studies of Chambers upon the subject. 
The recent article of Gee and Hunt (65) will also be found helpful. 

Heretofore bacteriologists have used the single-cell technique largely 
for isolating one microdrganism for the purpose of obtaining authentic 
pure-line strains. The isolated bacterium was almost immediately 
planted upon a suitable culture medium. In the present study it has 
been found necessary to develop the method, so that these microdroplets 
could be preserved for a long period, in order that the growth of the 
microérganism in the droplet could be observed from day today. There- 
fore the new moist chamber has been used, instead of the one originally 
devised by Barber (66). The former consists of a glass box having an 
inside diameter of 5 X 2.3 X 1.5 cm., open at one side to admit the 
micropipette and at the top to permit the placing of the cover-slip upon 
it. This moist chamber is cemented on a rectangular piece of glass 
measuring 7.7 X 5.1 X 0.2 cm. In view of the fact that our technique 
involved moving the cover-slips with the drops containing the single 
tubercle bacilli or small groups and subsequently mounting them upon 
deep hollow-ground slides, it was found necessary to place an apron of 
mica upon the top of the glass cell and mount the cover-slip upon this 
(see plate 6, figureA-Eand plate7). The mica apron has a slot cut into it, 
which permits isolating the droplets on the under side of the cover-slip, 
which is placed on the mica apron in position as indicated. No vaseline 
or other sealing material is used to hold the cover-slip in place, but the 
mica apron is sealed to the rim of the cell with vaseline. 

The importance of properly cleaning the cover-slips before they are 
used cannot be unduly emphasized. No. 1 thickness, 24 X 50 mm., isthe 
size and thickness employed, and it is necessary to handle them with 
forceps throughout the technique. 

In the first place, lint-free pieces of linen cloth should be prepared for 
wiping. Thisis to be done by procuring fine-grade linen, cutting it into 
suitable lengths, and boiling it for a few minutes in distilled water. 
While the cloth is drying and when it is stored, it should be protected 
from dust. With a fine diamond-point pencil a tiny circle is etched at 
about the centre of the cover-slip. The droplets are subsequently iso- 
lated in and around this circle. Such an arrangement aids very materi- 
ally in finding the drops, and when the preparations are stained the micro- 
organisms may be located with little difficulty by using the circle as a 
guide. The cover-slips should then be immersed in_ twice-filtered 
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Wright’s (62) cleaning solution for at least 24 hours. The formula for 
this preparation is as follows: Ethyl alcohol, 80 per cent, 96 parts; 
glacial acetic acid, 3 parts; and ether, 1 part. During this cleaning proc- 
ess the cover-slips should be kept separate one from the other so that 
both sides are exposed to the action of the fluid. A small staining-dish, 
with slots at either end, is suitable for the purpose. The cover-slips are 
then washed off in distilled water and placed in a pyrex glass baking-dish, 
being held separate one from the other by the use of an ordinary alumi- 
num hardboiled-egg cutter, or any other suitable contrivance. The dish 
should be filled up with distilled water and then brought to the boiling 
point. After cooling, the slips are washed by refilling the dish with fresh 
distilled water two or three times. The dish is then covered and the 
cover-slips allowed to remain in the distilled water over night. The next 
morning they are removed, shaken to get rid of the excess moisture and 
transferred to a large deep petri dish which contains twice-filtered 95 per 
cent alcohol. It is well to dip the slips in a primary bath ofalcohol before 
transferring them to the petri dish, so that the alcohol in the latter might 
not be diluted too much. The cover-slips are left in the alcohol bath 
for 24 hours. The next day they are removed to a second container of 
alcohol and there kept until ready for use. They are wiped dry with a 
fresh linen cloth and sterilized by flaming over the Bunsen burner. 
This technique has been worked out after long experimentation and 
found most satisfactory for removing every trace of foreign material 
from the cover-slips. Unless this is done, foreign particles of one kind or 
another will cling to either surface of the cover-slip, and it is easy to see 
how such a state of affairs would be highly confusing to the observer. 
A number of cover-slips are prepared at a time by the above-mentioned 
process and are held ready for use. 

Formerly it was held that a slight trace of grease would prevent theiso- 
lated microdroplets from spreading. There is the additional hazard, 
however, of mistaking the small grease particles for fragments of the 
tubercle bacillus or granules, and with the maintenance of proper moisture 
and temperature there is little difficulty in keeping the droplet intact. 
Favorable conditions of moisture are maintained in the cell by adding 
hot water from time to time. 


Preparation of Culture from Which Single Cells Are to Be Isolated 


The actual culture used, from which the single cells are isolated, must be 
carefully prepared, and for this purpose it is essential first to induce the 
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culture to grow rapidly as the youngest part of the visible membrane is 
best suited for the purpose. Several 50-cc. erlenmeyer pyrex flasks are 
filled with 15 cc. of Long’s fluid medium, and these are sterilized by 
autoclaving. One of these is inoculated with the youngest, whitest 
growth-membrane obtained from a 7- or 8-day cultureon Long’s medium. 
At intervals of 4 days a portion of the youngest growth is inoculated into 
one of these small flasks of medium until finally the culture is found grow- 
ing vigorously in that length of time. This usually requires some five or 
seven transfers, and in this study two young cultures were constantly 
kept on hand. Finally, from one of these cultures a small loopful of the 
youngest, whitest and thinnest growth-membrane is obtained and inocu- 
lated into a 50-cc. pyrex florence flask containing 4 cc. of Long’s medium 
and 15 to 20 glass beads. The growth-membrane is then broken up by 
shaking very gently for some 15 to 20 minutes. The fluid is next filtered 
through sterile filter paper, which is attached to the sides of the sterile 
funnel with paper clips. The funnel best suited to the purpose is about 
4 cm. in diameter by 4 cm. deep and with a stem of about 6 cm. long. 
The top is covered with a sterile petri dish during the filtering process, and 
the filtrate, containing a number of individual rods, is allowed to drain 
into a test-tube of 16 mm. inside diameter. This test-tube, before steri- 
lization, should be carefully cleaned with Wright’s fluid and then rinsed 
with distilled water. A second method for preparing the culture for 
single-cell isolation, and one used with success on a number of occasions, 
was that of incubating the small flask containing the beads and the 
broken growth-membrane for 4 days prior to filtration. In this way a 
number of young vigorous forms develop in the shallow depths of the 
medium and there is less chance of isolating nonviable microérganisms. 

The procedure of soaking the growth-membrane in sterile distilled water 
or normal saline solution for various lengths of time before attempting 
isolation was tried without great success, although, after immersion for 
as long as 20 days at incubator temperature, vigorous subcultures were 
obtained on reinoculation inte suitable media. 

After the culture has been prepared, a rubber tube, 3 mm. inside diam- 
eter by 1.5 meters long, is attached to the sterile glass tubing from which 
the micropipette is about to be made. This is then prepared according 
to the recommendations of Barber and Chambers, and the tip inserted 
into the test-tube containing the filtrate. The seal is broken by very 
gently rubbing the tip of the pipette against the wall of the tube, and 
sufficient suspension is sucked up to fill it just beyond the elbow. The 
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pipette is then mounted into the Chambers manipulating apparatus, so 
that, with the moist chamber, mica apron and sterile cover-slip properly 
mounted, theworkerisready to begin operations and with proper dilution 
of culture, size of drop, etc., some of these microdroplets will be found 
to contain single cells or small groups of two or more. No accurate 
observation of the bacterial population is attempted until the cover-slip 
has been removed from the moist chamber and mounted on a deep 
hollow-ground slide. This is accomplished in the following manner: 
A small wooden table, about as high as the stage of the microscope, is 
placed as close to the right hand of the stage as possible. Upon this table 
rests a sterile petri dish containing a sterile hollow-ground slide with a 
round polished depression of 3-mm. depth. After the microdroplets 
have been isolated and before the cover-slip has been removed from the 
moist chamber, the mechanical stage bearing the moist chamber is 
moved as far to the right—toward the table—as possible. The cover of 
the sterile petri dish is then raised and, with a loop having an inside diam- 
eter of 1 mm., 2 drops of hot, sterile 1 per cent agar are placed in the 
bottom of the depression 1n the slide. With sterile forceps the cover-slip 
bearing the microdroplets is then lifted from the moist chamber and 
transferred as rapidly as possible to the hollow-ground slide, where it is 
sealed in place with a liberal supply of hot vaseline-paraffine mixture, 
applied on a soft camel-hair brush. The sealing substance is prepared 
by mixing thoroughly equal parts of melted vaseline and paraffin (melting 
point 47°C.), and then sterilizing by autoclaving. 

The drops of 1 per cent agar in the bottom of the depression-slide have 
been found to maintain excellent conditons of moisture over a period of 
from several days to weeks or months. In this way the droplets are kept 
intact even when bacterial development takes place at incubator tempera- 
ture, and the desired observations may be made on the developmental 
processes. After the preparations have been made the scratched circle is 
located on the cover-slip with the low-power lens, and a chart is made of the 
location of each drop. Each drop is indicated by a large circle which 
should be of sufficient diameter to admit the accurate and careful drawing 
of the single cell or small group of bacteria. As daily observations were 
made on these preparations, considerable effort was saved by having a 
circular rubber stamp made, each circle representing a droplet. 

With a 10a apochromatic oil-immersion lens and a 10 X, 15 X, and 
25 X eye-piece, each microdroplet is carefully scrutinized and an accu- 
rate drawing is made of the rod or granule contained therein. A droplet 
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containing more than six forms was discarded as unfit for further obser- 
vation. Usually a few hours were devoted to making these preparations, 
and from a number a few were selected as most nearly approaching the 
optimal, and the remainder discarded. With practice one finds no diffi- 
culty in isolating a considerable number of droplets containing one single 
tubercle bacillus or small groups of from two to six. 

In the beginning of the study the microculture was kept under constant 
observation in a warm-stage incubator of the type manufactured by the 
Chicago Surgical Supply Co. This instrument keeps the preparation at 
constant temperature, entirely surrounding the hanging-drop slide with 
heated bars of hollow metal. Observations made on a number of such 
preparations soon convinced us that the developmental rate of the tuber- 
cle bacillus was not sufficiently rapid to make this constant observation 
essential, and accordingly preparations were kept in the large incubator 
and observations were made at daily intervals. To further preclude the 
drying out of the microdroplets the cultures were kept in petri dishes 
(9 cm.), the bottoms of which were covered with moist filter paper. After 
each daily observation the cultures were reparaffined with the hot mixture. 

The above, in a general way, is a brief resumé of the technique em- 
ployed. There are a number of points of importance, however, which 
may only be learned by actual experience: for instance, the method of 
controlling the proper capillarity in the pipette by means of the thin rub- 
ber tube held in the mouth of the operator; the development of reflexes 
so that the seven adjustments on the apparatus may be properly moved 
at the required time; the necessary degree of moisture to maintain in the 
moist chamber so that the droplets will not be dried from the heat gen- 
erated by the powerful illuminating system necessary; and so forth. 
While it is the writer’s desire to have this work confirmed, our experience 
indicates that a considerable period of training in the single-cell technique 
is a prerequisite to successful results when applied to a problem of this 
type. 

Cyclic Development 

In the beginning of this study a number of observations were made 
on small groups or a single bacterium. Although some of these prepara- 
tions were observed daily for several days, no developmental changes 
ensued because of the fact that moisture or other conditions were not 
adjusted to the optimal. When such adjustments were made a number 
of highly interesting changes were found to have taken place, and in some 
of the preparations the processes involved followed each other in sequence 
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in such fashion that it became apparent that the microérganism, at least 
under these experimental conditions, did not multiply by simple fission 
but underwent a more complicated developmental process. We are 
taking the liberty of designating these processes as a possible life-cycle of 
the tubercle bacillus of this particular strain. A so called “wild” strain 
isolated from infected urine was found to undergo the same type of devel- 
opment, as will be later described. It should be emphasized that only a 
relatively small percentage of the isolations made lent themselves to con- 
tinued observation. Others, for various technical reasons, either dried 
out after varying periods, or the drops flooded, or for a number of other 
reasons visibility became poor and observations could not be made 
accurately. In these and similar preparations the cycle could be followed 
to a certain point and thus, at least, the various steps in the continuity of 
growth could be duplicated as conditions permitted. Observations on 
the preparations recorded here in detail were made on microcultures in 
which the possibility of error was reduced to the minimum. When there 
was any doubt as to the identity of a particle in the drop or for any 
reason visibility of the microdrganism became uncertain, or when the 
number of microdérganisms in the drop was more than six, such prepara- 
tions were discarded as unsuited for the purpose. 

Under these experimental conditions the most frequently encountered 
developmental cycle has been as follows: After a few hours’ incubation 
at 37°C. in the microdroplet, a single homogeneous rod will begin to form 
certain zones which appear of darker color than the surrounding bacillary 
protoplasm. These dark areas are taken to be the deep-staining portions 
which appear black or deep red when tubercle bacilli are stained with 
Krylow’s carbol-fuchsin—carbol-methyl-violet stain. Such zones are 
formed centrally, subterminally or at both poles. At times as many as 
ten or on one occasion sixteen have been observed in a single rod, but for 
the most part, one, two or three are present. 

Some 24 to 72 hours after planting, and often longer, lines of cleavage 
become evident in the rod, but these are independent of the position of the 
dark bodies already formed, for often a rod having bipolar bodies will 
form four zones of cleavage, two of them, therefore, being without the 
deeper-appearing areas. As will be seen, this particular type of cleavage 
is not simple fission in which a rod subdivides transversely along a more 
or less central line, each resulting half developing to redivide once more, 
but a process of segmentation, giving rise most often to 3 or 4 separate 
units which remain for a time in the form of oval bodies. The number 
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of ovoid units thus formed is to some extent, but not always, governed by 
the size of the rod. In this stage of the development the coccoid bodies 
are acid-fast, but at times non-acid-fast globoid forms are encountered 
which are surrounded by a delicate acid-fast zone. These latter are 
possibly portions of the rod which contained the dark-appearing area. 
These resulting coccoid types do not usually develop directly into adult 
bacilli, but most of them subdivide by simple cleavage along a more or less 
central line. Thus, very small diplococcoid types are produced which 
appear not unlike very small pneumococci. After the initial pinching-off 
process, the formation of these diplo-forms take place after 24 to 96 
hours or longer. Measurements, taken with a Filer hair micrometer, 
proved the bodies to be 0.1 to 0.3 micra in diameter in this particular 
phase of the development. 

The next cyclic phase consists of a resubidivision of these diplo-bodies, 
until after a subsequent 24 hours or more of incubation the droplet will 
be found to be well populated with tiny cocci and diplococci, some appear- 
ing in short chains, but all of them outside of the range where it is possible 
to take accurate measurements. These bodies are oval, round, or some- 
what irregular in outline. Forms taken to be in this particular stage have 
been found to be non-acid-fast. After 24 hours’ or more further incuba- 
tion these coccoid bodies show a well-defined tendency toward agglutina- 
tion, and, although there may still be several free granules, small clumps 
will be found to have formed. A subsequent day or more shows clearly 
that the above-mentioned granules or coccoid bodies, which have agglu- 
tinated, become further reduced in size, for at the end of this time tiny 
groupsof dust-like particlesare, often, all that remain in thedroplet. The 
individuals in these groups are so small that they are only distinctly 
visible about the periphery of the tufts, many even at that location being 
near the outer border of visibility. It is possible that some of these indi- 
viduals may be small enough to be ultramicroscopic, and it is conceivable 
also that in this stage of its development the bacillus of tuberculosis 
may be a filter passer, although no experiments of ours have been con- 
cluded to prove this point. 

These clumps of dust-like granules remain as such for varying periods, 
24, 48, 96 hours, or even longer. Eventually, however, the most delicate 
rods imaginable will be found sprouting from the periphery of these 
groups. At first the rods are so small that one cannot be sure of their 
idenuity. Some of them break from the parent clump and develop 
independently at some distance away. Most of them, however, remain 
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in the group, and there elongate and thicken with varying rapidity until 
finally the mature acid-fast rod is elaborated. Whether the delicate rods, 
first to be seen, sprout from individual granules, or whether the granules 
elongate into the delicate filaments, is at present unanswerable for want of 
proper magnification. It has been considered at times that theimmature 
bacillary forms may further divide by direct fission as branching forms, 
and bent forms have been clearly seen. No such process, however, has 
actually been observed to have taken place even when sub-microdroplet 
cultures have been made from the confused germinating mass containedin 
a single drop. 

In the early stage of their development these rods appear yellowish- 
white under transmitted light. After 4or5 days they assume a definitely 
greenish hue under the same illumination, a color also produced when the 
mature tubercle bacillus is observed under similar conditions. This 
difference in light transmission may possibly be due to the formation 
of acid-fast properties on the part of the older microdrganisms. Some 
evidence may be gathered to substantiate this conception when studying 
stained preparations. When acid-fast stained preparations are made from 
tufts containing a number of immature rods, a number of definitely 
non-acid-fast rods are encountered and also those staining with what may 
be termed a mulberry color, more pink than non-acid-fast and less red 
than the frankly acid-fast types. The non-acid-fast rods vary in size 
from those too small to measure to forms varying from 0.3 to 1.24 micra. 
The length of the ‘‘mature”’ tubercle bacillus varies from 1.2 to 5.4 micra. 
The non-acid-fast types were first recognized by Marmorek (67) in 1900, 
and seem to have been correctly surmised by him to be young forms. 
Petroff claims that non-acid-fast rods are more common when the 
culture medium is unfavorable or contains no glycerol. In our micro- 
cultures they have been found to be numerous at a certain stage of the 
developmental cycle when the culture medium was favorable and con- 
tained glycerol, but they may well be present in added numbers on poor 
media in view of possible lack of sufficient food material to complete their 
development. 

It is entirely possible that the developmental cycle here induced was 
due solely to the artificial method of cultivation employed and that the 
same sequence of events will not be found to take place in the animal 
body. On the other hand, as may be seen from the historical review, a 
number of investigators have observed elements similar to those just-de- 
scribed in material obtained from pathological sources. 
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Before describing the observations confirming the cycle just men- 
tioned, it may be well to outline briefly certain findings which originally 
led to the belief that simple fission was not at least the sole means of 
reproduction employed by this microérganism under the experimental 
conditions already set down. 

In order to learn in a general way whether the technique employed was 
suitable for the purpose and something about the growth-rate of the 
strain in general, several drops were isolated, containing small flecks of the 
young white growth-membrane taken from a rapidly growing culture 
planted on Long’s medium. These were sealed in place in the hollow- 
ground slide in accordance with our technique, and daily observations 
were made by examining the drops under the oil-immersion or water- 
immersion lens. According to accurate camera-lucida drawings, which 
were made upon each preparation, it may be said that there was no 
growth, as evidenced by increase of the size of the membrane, until 
some three or four days after planting in the drop. This varied, how- 
ever, with the age of the culture planted, older cultures taking as much as 
six days or more to show progression. By examining the outer edge of 
the planted membrane, it seems that extension was accompanied by a 
primary breaking up into granules of the bacteria present at the locality, 
and it may possibly be inferred that similar granule-formation is taking 
place at various points throughout the colony. 

By consulting plate 1, figure 1, a photograph of the outer margin 
of such a preparation may be seen, with the accompanying granulation of 
the microérganisms present at that point. These granules occur in small 
chains, in clumps, in diplo-form and singly, just as were those observed 
in the single-cell and small-group preparations. To see whether this 
observation was applicable to bona-fide microcultures, several drops were 
planted, containing 25 or more bacteria or a few tiny clumps. For the 
most part in these preparations individual microdrganisms were clearly 
visible. Colonies were allowed to develop, and when growth ensued 
these were inspected daily about the periphery for the occurrence of the 
granular bodies. At times other components of the cycle were observed, 
such as tufts, dust forms and very tiny rods in active brownian movement, 
but in the early part of the experiment the place of these elements, as 
far as the cyclic scheme is concerned, was not understood. Plate 1, 
figure 2, will give an idea of a colony contained in a microdrop which has 
grown from a few rods. The progress by granulation at the periphery 
may be clearly seen. During the preliminary course of the experiment 
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a number of droplets were isolated, containing one or several highly 
refractile tiny coccoid bodies, sometimes in brownian movement. In 
these drops, at times, no rods were present, and the refractile bodies 
were taken to be small particles of foreign material contained in the 
medium. A number of control drops of medium were then set out, but in 
no case were these granules noted. It was therefore surmised that the 
refractile coccoid bodies were possibly concerned in the cycle of the 
microédrganism, and where droplets containing these forms were en- 
countered periodic observations were made. It is necessary in observa- 
tions of this nature to be able to differentiate a true granule from a rod 
suspended in the droplet in a vertical position so that only the end is 
presented to view. When the focus is sharp, the latter form has by its 
side a definite shadow, possibly due to the reflection or refraction of the 
submerged part of the rod, and frequently the bacillus itself may be seen 
by focusing deeply into the droplet. True granules do not exhibit these 
shadows, and are at times to be seen in rapid brownian movement, thus 
exposing all planes to critical examination. 

The drawing shown on plate 1, figure 3, was made from slide 32, drop 
3, and will give a graphic idea of the sequence of events obtained by ob- 
serving an isolated diplo-granule to which a very fine homogeneous 
hair-like rod was attached. Twenty-four hours after isolation no change 
was to be observed, aside from the possible elongation of the young rod. 
On the third day after planting, however, one of the granules was found 
to have split into a definite diplococcoid form, and the tiny hair-like rod 
had formed three separate, highly refractile bodies. Twenty-four hours 
later there was nothing to be seen in the droplet save a number of very 
small refractile granules, varying in size from those just on the verge of 
visibility to larger types. On the following day therewas amarked tend- 
ency toward agglutination of these bodies, as will be seen from the draw- 
ing. ‘The preparation was then destroyed by accidental cracking of the 
cover-slip. No measurements were made of the bodies contained in this 
drop, but their relative sizes have been drawn as closely as possible. 

Plate 1, figure 4, illustrates the result of an observation which 
shows a sequence of events progressing somewhat further. Two 
large coccoid bodies were isolated from a young, vigorously growing 
culture. A day later they had definitely elongated. Seventy-two 
hours after planting these two bodies were reduced to a mass of dust-like 
forms, with many of the elements on the verge of invisibility. The tiny 
dust-like particles were only clearly visible about the periphery of the 
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aggregation. At that time, also, the most delicate rod-forms possible 
were seen to be sprouting from the mass, and a day later some of these 
hair-like bacillary types had definitely broken from the clump and were to 
be seen at some distance from it. 

Plate 1, figure 5 (preparation 16, drop 14), shows a sequence of events 
taking place from granules to fine hair-rod types. Three granules hap- 
pened to be in the microdroplet when planted. A day later sevenmuch 
finer types had evolved from these parent forms but there was no subse- 
quent development until four days after the original planting was made, 
when some of the granules were found to have become reduced in size, and 
there also seemed to have occurred an increase in the number of 
types present. Some of these had assumed an irregularity of contour. 
Examination after a subsequent 24 hours, that is to say, on the fifth day 
of incubation, revealed agglutination of the granules and sprouting of the 
usual fine rods. At this time all the individual granular types in this 
preparation had not been reduced to dust forms, and some of them could 
be clearly seen lying in the agglutinated mass. After an additional day, 
the formerly coccoid bodies were seemingly entirely reduced to the dust- 
like particles and the number of tiny rods was considerably increased. 
Some of these had separated from the clump and were to be seen lying 
quite a distance from it. 

Plate 2, figure 1 (preparation 22, drop 3), illustrates the formation of 
granules from a mature rod, a sequence of events which was later found 
to precede those just described. The rod isolated had formed dense bi- 
polar zones in 24 hours, and four days from the time of planting it split 
into four separate ovals. This droplet also contained a granule which 
developed in a way separate and distinct from the processes above de- 
scribed. Twenty-four hours after planting, the granule had split into 
two coccoid types, but between these forms was a definite zone of bacil- 
lary protoplasm. Three days later this short, thick, bipolar rod divided 
into two irregular monopolar bacillary types. At first it was thought 
that the parent form, believed to be a granule, was in reality a rod hanging 
in a vertical position in the drop. This is not likely, however, as the 
bipolar granules of the resulting short thick rod seemed smaller than the 
original. Later the same type of development was observed on occasion 
when the granule planted was at first in active brownian movement, so 
that all parts were distinctly visible. This type of development seems to 
be a variant of the cycle now under discussion. At times those of another 
nature were observed and will be discussed later. 
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Plate 2, figure 2 (preparation 23, drop 4), illustrates a planted homo- 
geneous rod, which in 48 hours had formed bipolar zones with the result- 
ing cleavage of one of them from the parent rod. 

Several droplets were isolated, containing only homogeneoussingle rods, 
which later showed clearly the sequence of events during which the intra- 
cellular dark zones were formed. This phase of the cycle took place with 
varying rapidity. Sometimes these areas were distinct after 24 hours, 
but often they required more time to develop. Figure 3, plate 2, serves 
to illustrate this process. It is a drawing made from preparation B-1, 
drop 1. On November 20, 1927, the single homogeneous rod was iso- 
lated. No change was apparent within three days, except that the 
microérganism had shifted its position somewhat in the drop. This 
period of lag persisted until November 27, that is to say, for six days, 
when a slight constriction was to be noticed in the central part of the 
rod. On December 1, however, the microérganism seemed to have 
straightened, and at that time also three definite dark zones were appar- 
ent, two situated at the poles and one in the centre. These areas, though 
distinct, were not pronounced. On December 3 they became much more 
clear, and a day later the central dark zone seemed to have enlarged some- 
what, becoming darker while the polar areas were judged to be not quite 
as distinct as the day before. The microérganism then reached the outer 
edge of the drop where, according to our experience, further development 
seldom takes place. 

Figure 4, plate 2, are drawings of tubercle bacilli contained in droplets 
3, 4 and 5, preparation C-20. Droplet 3 contained two homogeneous 
rods, one smalland straight and the other larger and curved. This drop- 
let was isolated and charted at 10.50 a.m. At 10.35 a.m., 24 hours later, 
dark zones were to be seen at both poles of the curved rod, while a similar 
condition was noticeable at the upper pole of the straight microérganism. 
A day later, at 12.00 noon, these zones had become much more pronounced. 
Droplet 4 contained two straight rods, both of which, in 24 hours, formed 
well-developed dark zones at either pole while an indistinct central zone 
was also to be noted. The polar areas were more definite a day later, 
and the central zone remained about thesame. Droplet 5 contained 3 
bacilli, 2 straight rods and one comma-shaped microdrganism. In 24 
hours well-formed bipolar zones had developed in all three, and two 
of the microdrganisms contained less well-defined central areas. After 
48 hours the central zone in the largest rod was distinct, and a definite 
area of constriction had developed about the centre of the comma- 
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shaped microérganism. Forty-eight hours’ additional incubation re- 
vealed a distinct swelling at the lower pole of the largest rod, accompanied 
by an eccentric location of the dark zone. The curved microérganism 
had broken into two distinct small rods. The upper of the two thus 
formed developed definite bipolar zones, while the lower exhibited only a 
dark area at the lower extremity. The developmental processes which 
took place in a droplet containing a single rod (preparation 63, drop 1) are 
illustrated by figure 1, plate 3. On December 3, 1927, a single homoge- 
neous rod was isolated in the drop. No change took place until 48 hours 
had elapsed, when a definite central and monopolar dark zone could be 
seen to have formed. A day later the central zone had markedly en- 
larged, and seemed to swell in such a manner as to form a clostridium. 
Twenty-four hours’ additional incubation gave rise to four well-defined 
zones of constriction, a process which is now known to constitute a stage 
in the life-cycle of this H37 strain of the tubercle bacillus. The above- 
described observations were made on large well-developed mature rods. 

To illustrate further development of the, cycle, a drawing is here 
included of drop 1, preparation 41 (plate 3, figure 2). Two homogeneous 
single rods were isolated in this microdroplet. No change ensued for 48 
hours, when the lower of the two microérganisms was observed to be di- 
vided into three parts. It cannot be stated whether ornot thedark Zones 
referred to were present in this rod, and no mention is made in the notes 
concerning such an observation. After 48 hours’ further incubation, 
the three fragments of the lower rod had divided into definite diplococcoid 
forms which were most reminiscent of small pneumococci. The upper 
of the two rods at this time remained unaltered. No change ensued in 
these diplococcoid types until three further days of incubation when they 
were found to have separated one from the other, forming six small oval 
bodies with outlines clearly visible. The other rod in the drop, which up 
to this time had not changed, now formed at least two dark zones. The 
remainder of the microdrganism was submerged, and whether other zones 
were present could not be determined with any degree of certainty. This 
was due to the fact that the rod assumed a curved rectangular shape, one 
part being visible in the upper layer of the medium while the other 
remained somewhat deeper. 

As far as the oval bodies are concerned, it cannot be said, at least in 
this particular preparation, that there was any distinct tendency 
toward agglutination. A day more of incubation revealed no further 
change, but 24 hours later it was found that some of the coccoid types 
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had been reduced to coarse, dust-like forms, and the fine hair-like young 
rods were clearly visible. Some of the oval bodies in the mass had not as 
yet been reduced, but their outlines, now less distinct, could be discerned 
in the confused germinating mass. The coccoid particles in this par- 
ticular preparation gave rise to the fine hair-like rods with rapidity. 
It was, however, later found more usual for the forms to remain in the 
dust-like stage for various lengths of time before young rods were at all 
noticeable. But, on the other hand, a few preparations were followed in 
which it could not be definitely determined whether the dust-particle 
stage entered into the developmental process. To illustrate this, refer- 
ence is made to figure 3, plate 3. In a single microdroplet one rod, a 
diplogranule and a single granule were isolated. In two days the 
entire aggregation had been reduced to a group of tiny granules and from 
these the hair-like rods were emerging. In this instance it could not be 
definitely stated that any dust-like forms were present. After 72 hours’ 
total incubation, a nest of coccoid bodies had agglutinated, and the num- 
ber of the very delicate rods was considerably increased. There is a pos- 
sibility that the dust-like forms were present in this clump, but if so they 
could not be made out. Our impression at the time was rather that 
the fine rods had emerged directly from the coccoid bodies without their 
having undergone reduction to the dust stage. 

In another preparation, as illustrated in figure 4, plate 3, an observation 
was made which seemed to indicate that the fine young rods may, under 
certain conditions, sprout from the split-off fragments of parent cells 
without, as has already been stated, the latter necessarily becoming re- 
duced to the dust-particle phase of the cycle. On February 10 three 
homogeneous rods were isolated in a microdroplet (slide B-40, drop 2). 
These remained unchanged for three days. On the fourth day the upper 
two rods showed complete zones of constriction, as illustrated by the 
drawing, while the third tubercle bacillus contained what seemed to be 
distinct intracellular granules. The granule outside of the rod could 
clearly be seen attached to it by a fine hair-like process. A day later 
constriction of the rods had progressed, and the granules were noticeably 
dispersed throughout the drop, as illustrated by the drawing. The por- 
tion bearing the hair-like process had become detached, and the little rod 
was now a free body in active brownian movement. Examination after 
rive days of total incubation revealed some of the granules sprouting hair- 
like rods, and no dust bodies could be made out around these particular 
microorganisms. In the same droplet, however, a group showing 
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the very fine subdivision of the granules was also surrounded by 
young bacillary types, and it is possible that some of these hair 
rods had detached themselves from the latter and attached them- 
selves to the former. Plate 3, figure 5 (slide 38, drop 3), shows a series of 
drawings made from the sequence of events occurring in this preparation, 
and illustrates a prolonged phase in which granules seemed to be sprout- 
ing rods without passing through the dust-particle phase of the 
cycle. The granules were isolated on March 4 and were entirely sur- 
rounded by the hair rods on March 17, a total of 13 days. 


Observation of ihe Completed Cycle 


During the course of this investigation, on six occasions the complete 
sequence of events was observed from mature rod to mature rod, which 
involved a total of 590 single cells and small groups isolated. At times 
as many as 10 droplets were isolated on one slide; therefore the number 
of successfully followed maturations, especially in view of thesmall volume 
of media and theminuteness of the bodies, isnot as small as would appear at 
first sight. Evidence of a fragmentary nature was to be gathered from a 
number of the preparations as has been described, and many more, but 
for reasons not always within our control a number of these microérgan- 
isms could not be followed to the termination of their development. The 
untoward factors, especially in the early stages of the investigation, in- 
volved drying or flooding of the drops and inadvertent cracking of the 
cover-slip when attempts were made to focus too sharply with the oil- or 
water-immersion lens in an unknown area. No way of visually discrim- 
inating a viable from a nonviable microdrganism being available, it was 
without doubt true that a number of the bacteria isolated were lifeless and 
naturally underwent no development. When the techniqueisoncestand- 
ardized, however, some of these difficulties are largely eliminated and suc- 
cessful observations may be made on a considerable number of prepara- 
tions. The completed cycle of development was, among others, followed 
in preparation 25, drop 23 (figure 1, plate 4), starting with a single curved 
tubercle bacillus which was isolated on February 24, 1928. On the 25th, 
the position of the rod had shifted somewhat in the drop, so that the lines 
of curvature were in reverse directions, and, contrary to the usual 
process of forming two or three dark zones, this particular microérganism 
contained six. On the 27th of February, seemingly by a process of seg- 
mentation, the rod had been converted into three separate chains of 
coccoid bodies, and a day later these had become separated, more dis- 
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crete, and somewhat enlarged in size. On March 2 the coccoid bodies 
had fragmented, and were agglutinated into two distinct groups, one of 
which had already become reduced to the fine-dust stage of development. 
Three days later the fine hair rods were distinctly seen sprouting from the 
tuft thus formed. Examination on March 9 revealed the presence of 
several rods of a large size, and on the 13th large mature bacillary types 
of the tubercle bacillus were present in the drop. The colony thus formed 
continued to grow and after an interval had extended almost through the 
entire drop. 

As illustrated in figure 2, plate 4, a microdroplet containing four rods 
was isolated January 7, 1928 (C-11, drop 2). These rods remained un- 
changed for six days, when two of them at least were found to have 
segmented, forming several distinct coccoid bodies and another of the rods 
exhibited at this time pronounced swelling at both poles. The coccoid 
bodies thus formed changed but little until January 17, when they were 
found to have increased in number, and the individuals were reduced con- 
siderably in size. From three distinct groups of these forms, fine hair 
rods were found to be sprouting, although a number of other granules 
were found free in the drop, and to these none of the hair rods were 
attached. On January 20 all of the granular elements were seemingly 
reduced to the fine dust particles, and at this examination a number of the 
delicate rods were found free in the drop. On the 24th of the month, 
three large mature rods were observed in the preparation, and four days 
later the number of the adult types were found to have increased in num- 
ber. By February 2 the drop was well populated with mature tubercle 
bacilli. A colony subsequently formed, which spread for a considerable 
distance in the droplet. 

Plate 4, figure 3, is a schematic representation of the cycles of develop- 
ment as encountered in this study. 

Variation 

The majority of the preparations studied gave evidence of a frag- 
mentary or complete nature of development by the cycle already out- 
lined. On the other hand, a not inconsiderable number showed varia- 
tion from this process. Some of these might be designated as variants 
or mutants, but whether such is the case cannot at this time be stated, for 
in the preparations to which attention is now directed the microérganisms 


were not followed to offspring rod maturity. Figure 1, plate 5, is a draw- 
ing made from a single homogeneous rod contained in drop 3, preparation 
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27. Within three days dark bipolar zones had formed, and 24 hours later 
a short, thick protoplasmic projection could be seen protruding from one 
pole of the microédrganism. During the next three days the large rod 
changed its position in the droplet, as illustrated by the diagram and the 
protruding body seemed to have become somewhat longer. No further 
change took place even though the rod was followed for several days. 

Evidence of a similar nature was obtained from observing a single 
homogeneous rod contained in drop 5, preparation 17 (figure 2, plate 5). 
In two days the dark bipolar zones had formed, and from the lower of 
these, after 48 hours of subsequent incubation, a fine, rod-like body could 
be seen projecting. This new structure was whitish in color under trans- 
mitted light in contrast to the greenish hue of the ‘“‘parent” form, and 
experience in staining has led us to believe that the whiter rods are not 
acid-fast, or but very slightly so. A second type of deviation from the 
normal, if we may be permitted to use the word in that sense, is illustrated 
by figure 3, plate 5 (drop 4, preparation 113). This contained what 
appeared to be a branching rod with dark zones at each tip of the Y, as 
indicated by the drawing. After 24 hours of incubation the dark zone 
on the thinner projecting rod had broken from the parent form and 
could be seen lying in close proximity. ‘Two days later the granule thus 
formed had changed its position in the drop as indicated, and after a total 
of nine days’ incubation the granule had divided, and bacillary proto- 
plasm could be distinctly seen between the two halves. A process of a 
somewhat similar nature was observed in drop 1, preparation 56 (plate 
5, figure 4). 

A group of 7 large coccoid bodies were isolated on March 12, 1928. 
Examination after two days of incubation indicated that most of these 
forms had elongated. Eight days from the time of planting, 5 large 
rods were in the drop with the usual dark zones formed, as illustrated 
in the diagram. After a total of eight days one of these rods had split into 
coarse dark granules with irregular outline, and from these the fine hair 
rods could be seen sprouting. Figure 5, plate 5, illustrates the formation 
of a sprouting granule which was found in drop 4, preparation A-63. On 
October 23, 1928, two large coccoid bodies were isolated, and after four 
days one of these seemed to have elongated while the other remained 
the same. ‘The slide was not examined again until ten days after the 
initial isolation, when, from the upper of the two granules, two definite 
rod-like bodies could be seen protruding. No further change was noted 
save a constriction in the elongated coccoid microérganisms. Coccoid 
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forms, having whitish rods attached to them, have been seen on a number 
of occasions, but unfortunately only twice were we able to isolate such 
types in the microdroplet. Figure 6, plate 5, illustrates two such 
bodies which were isolated by chance. After 5 days a single rod, which 
was attached to one coccoid body, had broken from the latter, so that 
the entire outline of the later structure was perfectly clear. It is possible 
that such a formation was a fortuitous juxtaposition of the rod and the 
coccoid body, but in the preparation described previously no rods were 
present primarily in the droplet, and, as has been stated, rods were 
definitely seen to have emerged from the round forms comprising the 
only initial population of the droplet. The rod illustrated in figure 6, 
plate 5, enlarged and formed dark zones, but no other change was 
apparent although the preparation was kept under observation for sev- 
eral days. 

The last change, and one of the most interesting to be described, was 
that found to have occurred in two rods planted, preparation 46, drop 
3 (see figure 7, plate 5). These organisms were isolated on January 23, 
and one of them was possessed of a dark zone at the southern pole. In 
24 hours the other microdrganism possessed a dark zone in the same local- 
ity. Aside from this a dark granular body was seen cleaving to the cen- 
tral periphery as though it had been extruded from the microérganism. 
This extrusion process, however, very definitely was not seen to have 
taken place. On the other hand, a close examination of the drop re- 
vealed no coccoid forms or other elements of any kind, but a day later the 
dark granule at the periphery gave the impression of having had enlarged, 
and toward the lower part of the rod a dark zone of irregular outline was 
distinctly visible. Forty-eight hours of further incubation gave rise to 
what appeared to be definite granules, both within and without the rod. 
These seemed to be of a dissimilar nature from the dark zones already 
mentioned, in that their outlines, when intracellular, were clearly visible. 
The impression gained was that some of these granular elements had been 
extruded from the microérganism. 


Controls 


In a study of this kind, in which the fortuitous presence of extraneous 
material in the microdroplet would render questionable any observation 
made, the matter of running suitable controls was an important one 
indeed. Ina recent publication Mudd (68) has questioned the results of 
Vaudremer, who claimed to have found a filamentous-growth stage dur- 
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ing the life-cycleofastrain of thetubercle bacillus. Mudd writesthat these 
filaments are also to be found in certain types of sterile media, and that 
Vaudremer had mistaken this formation for tubercle bacilli. It seems 
quite likely that errors of thiskind may have been made during the course 
of the numerous studies that have been made on this mycobacterium, 
and it is therefore necessary to have any medium used absolutely clear. 

The importance of having the cover-slips also entirely free from foreign 
material has already been emphasized, and the details of the necessarily 
elaborate technique have been described. In our studies we feel confi- 
dent that this source of possible error has been largely eliminated. 

It next remained to investigate the sterile medium put out under 
conditions identical with those of the droplets containing microérganisms, 
to make sure that crystals or precipitates would not be formed, which 
would have tended to invalidate the observations made. 

1: A number of droplets of sterile medium were isolated upon cover- 
slips and, by controlling moisture conditions within the Chambers cell, 
these droplets were purposely allowed to dry and were then examined 
under the microscope. No crystals or other foreign material were found 
upon such examination. It seems that the amount of glycerol in the 
medium is sufficient to keep the inorganic elements in a state of solution. 

2: When isolating microcultures, some of the droplets will inadver- 
tently appear in a sterile condition, and simply by accident not happen 
to contain any microdrganisms. Such droplets were observed, dlong with 
the culture with which they happened to be, and in no casedid theforma- 
tion of foreign particles or contamination ensue. 

3: Ten cover-slips, each containing 10 widely separated microdroplets 
of sterile medium, were prepared and planted on the hollow-ground slide 
with a technique identical with that used for making similar preparations 
of tubercle bacilli. All of the drops remained sterile, the longest obser- 
vation being taken after an interval of seven weeks. It is interesting to 
note that the longest time we have been able to maintain microdroplets 
intact in the sealed-off slides is four months. When one isolates a single 
tubercle bacillus or a small group of them in a microdroplet, or even the 
various components which go to make up the cycle scheme, the morphology 
for the most part is distinct and clear-cut, and it would be difficult to 
mistake a particle of foreign material fora microérganism even if such were 
present. Occasionally, possibly through too diligent shaking in prepar- 
ing the culture for isolation, some of the microérganisms were put out in a 
fragmentary state. These fragments either remained inert or were neg- 
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lected when the microdroplet contained other forms. During the early 
course of this study, agar and gelatine has been occasionally added to the 
medium, in amounts of 0.7 per cent of agar and 2 per cent of gelatine, to 
further prevent the microdroplets from spreading or drying. These sub- 
stances may serve to confuse the picture, and the same cyclic elements 
have been observed, whether they were or were not present. During the 
later course of the experiment, it was found unnecessary to add either 
agar or gelatine to the medium, as the droplets maintained their identity 
a long time with the perfectly fluid substance, due possibly to the 
glycerol content of the medium. 


Staining 


It is of natural interest to workers in this field to learn something of 
the staining properties of the various elements comprising the cycle, 
and a description will be given here of the technique used for that pur- 
pose. Naturally, when a microérganism or small group was allowed to 
undergo its entire cycle, the preparation could not be interrupted for 
purposes of staining. On the other hand, a numberof similar preparations 


were intercepted at the desired point, and were stained by the Ziehl-Neel- 
sen stain or by the technique as recommended by Krylow, involving the 
use of carbol-fuchsin and carbol-methyl-violet. In our hands, Krylow’s 
process gave more clear-cut pictures than did the usual Ziehl-Neelsen 
method. 

The cover-slips, containing the droplets in which the elements to be 
observed were present, were removed from the slide and freed as nearly 
as possible from all traces of foreign material. This cover-slip was then 
mounted on a microscopical slide and stained, after fixing, according to 
the directions of the technique employed. Little difficulty was experi- 
enced in finding the desired site. It was thought that the picture would 
be confused somewhat by the presenceof the waxy or fatty material used 
to seal the slide in place, and therefore observations given in this paper 
were made by sucking up the microdroplet containing the desired forms 
with the micropipette after the cover-slip had been removed from the 
hollow-ground slide and re-isolating these droplets upon a second cleaned 
cover-slip, which, therefore, did not contain any of the sealing material 
used formaking themicrocultures. When such droplets are isolated inside 
of the scratched circle, little difficulty is experienced in finding the forms 
after the staining process has been completed. 

Taking elements similar to those observed at the various stages of 
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the growth-cycle, our opinion is that the staining reactions are somewhat 
as follows: The microérganisms are acid-fast, from the large adult rod 
through and including the diplococcoid stage of cleaving (see schematic 
diagram of cycle). When the smaller split types begin to agglutinate, a 
number of the elements within the group lose their acid-fast properties. 
In the fine dust-granule stage the acid-fast properties are entirely lost, 
and extremely young rods emerging from this dust-like conglomeration 
are also of a non-acid-fast nature. As time progresses they enlarge, and 
some of them assume, as has already been stated, a mulberry color, being 
less red than frankly acid-fast and somewhat more reddish than distinctly 
non-acid-fast types: The number of acid-fast microdrganisms soon 
increases, however, until, when maturity is reached, the entire group at a 
given locality assume their characteristic tinctorial state. 

A number of workers have pointed out factors in the staining process 
which may enter as possible sources of error. These may be briefly sum- 
marized as follows: Sorley (69) surmised that the powerful reagents used 
may alter the morphology of the individuals under observation. Speng- 
ler has noted that too strongly heating of the carbol-fuchsin produces a 
partial solution of the waxy substance of the bacillus, the result being 
decreased staining capacity and easier decolorization. Second, the pres- 
ence of greasy matter, either on the slide or in the sputum, has occasion- 
ally a bad effect on staining. Precautions should be taken to ensure its 
absence. 

All of the reagents used in our staining processes were twice filtered just 
prior to use, and a number of sterile cover-slips were stained to ascertain 
whether material contained in the various reagents would serve to con- 
fuse the picture, but such has not been the case. 


DISCUSSION 


When dealing with such a confusing subject as bacterial morphology 
and its variations, it cannot, of course, be said with certainty that a form 
described by one observer is identical with that described by another, 
especially if the contributions of these two investigators are far removed 
one from the other, either by years or distance, so that each has not 
had recourse to the material of the other. On reviewing the literature, 
however, it seemed highly probable that almost all, if not all of the ele- 
ments which go to make up the cycle here described have been witnessed 
by others. Even their places in the cyclic scheme have been partially 
surmised, but such opinions have not been subjected to experimental proof 
heretofore. 
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Starting with the initial phase of the cycle. Sorley in 1917, described 
the formation of the dark zones in the mature rod which we consider the 
first step in the development of the new generation. The coccoid types, 
which we have found to result from the initial cleaving of the parent rod, 
were possibly seen as long ago as 1883 by Mallassey and Vignal, and some- 
what later by Semmer, Schuermayer, Dubard, by Arrigo in broken-down 
lymph nodes, and described most fully by Spengler, who considered 
them, under suitable cultural conditions, the progenitors of young, thin, 
bacillary types. Spengler’s experiments were done by gross cultural meth- 
ods and while, according to our results his suppositions were correct, he 
thus missed the intermediate stages by virtue of which second-generation 
rods are formed by the initial splitting of the parent bacillus into these 
several acid-fast coccoid fragments. The fact that the segments thus 
evolved may also redivide was undoubtedly noted by Spengler. He 
states that “splitters,” planted on favorable media, were observed to 
form groups of “splitters,” and after a little while, where only these 
elements had been before, rods were observed to have formed. These 
observations were criticized by Niessen, but were capably supported 
somewhat later by a second experiment of Spengler. 

The original coccoid types fragmented from the adult rod, as well as 
the diplococcoid elements later formed, we have, as has been stated, found 
to be acid-fast, in agreement with Spengler’s description of the ‘‘splitter.” 
During the agglutinated stage of these types, however, the acid-fastness 
tends to disappear, and in most individuals it is entirely lacking. The 
stage of resubdivision of the types thus formed then sets in, after which 
time the acid-fast qualities are entirely lost. It is possible that these 
non-acid-fast tiny particles are the granular elements described by Much, 
who stated that non-acid-fast rods were produced from these small non- 
acid-fast granules. Such a description is entirely in agreement with the 
results obtained from this experiment. Sprouting of the fine hair rods 
from the dense tufts of non-acid-fast granular dust elements was not re- 
corded by Much because the technique employed by him would not per- 
mit an observation of this kind. Later, Much believed that acid-fast 
rods were elaborated from the non-acid-fast bacilli, which were still 
later followed by acid-fast granules. This would be in complete agree- 
ment with our scheme of precedence, the acid-fast granules being the 
starting point of the new generation. In partial confirmation of this 
sequence also is the work of Bezancon and Philibert, who, in their Ziehl- 
Neelsen or Fontes-stained paraffin sections, noticed a dense net of non- 


DEVELOPMENTAL CYCLE OF TUBERCLE BACILLUS 193 


acid-fast hair-like rods, from which the acid-fast bacilli and very tiny 
granules were growing. In the very young culture examined by these 
investigators, only a network of fine non-acid-fast material was seen, 
but after 16 to 25 days of incubation a number of acid-fast rods were in 
evidence in their preparations, and in 60-day-old cultures the rods were 
largely replaced by granules. This latter observation is in agreement 
with the results we have obtained from studying stained preparations of 
colonies which had spread nearly or all over the microdroplet. Here, due 
to exhaustion of food material or through limitation of space, the micro- 
organisms in such a preparation were found to be largely acid-fast coccoid 
types, due possibly to cessation of the cycle at that point. These are 
obviously not degeneration forms for, when such a colony is flooded with 
fresh medium and the coccoid types re-isolated with a micropipette, a 
small number of the individuals thus isolated recommence their cycle 
from that point, and in two such preparations acid-fast rods have evolved 
after the subsequent stages were passed. 

Much’s claims are supported by many observers, especially by Weiss 
(70) (71). On the other hand, Bittrolff and Momose (72), repeating their 
experiments on the pus from cold abscesses and tuberculous lymph 
nodes in man and other tuberculous material in animals, came to the con- 
clusion that no other form of the tubercle bacillus could be demonstrated 
by Much’s method and by carbol-fuchsin. So also MacAlister (73), ina 
comparison of different staining methods, found that his series of films 
from sputum did not afford any independent evidence of a type of tuber- 
cle bacillus demonstrated by Much’s method which could not be found more 
satisfactorily with Ziehl-Neelsen. Boehm (74) came to a similar conclu- 
sion. The latter author also points out what he considered to be a fallacy 
underlying Much’s experiments, in which, after injecting tuberculous 
material in which granules and non-acid fast forms could alone be 
demonstrated, he obtained a growth of ordinary acid-fast bacilli. Boehm 
believed that a very small portion of the material was used, and that the 
bacilli might easily have been overlooked. Further, Arloing and Biot 
(75) have found in similar tuberculous material what they claimed to be 
acid-fast forms. Many others have made observations, which, however, 
are in agreement with the results obtained by ourselves. Among these 
may be mentioned Vaudremer, Ferran, Knoll, Meader, Peter, Sweany, 
Karwacki, Verber, and Bezancon and Philibert, who have noticed mor- 
phological elements in material of a tuberculous nature from culture or 
animal sources similar to those observed in the present study. 
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Other investigators have formed opinions diametrically opposed. 
This latter group consider the appearance of elements other than the rod 
as evidence of degeneration. Among the first toadvancesuchan hypoth- 
esis was Bergel, who, as has already been stated, considered the forms 
of Much and Spengler to be degeneration types, formed by the action, 
possibly, of fat-splitting ferments contained in blood and lymph. When 
injections of the bovine microdrganisms were made into the peritoneal 
cavity of white mice and later into guinea pigs, material examined pe- 
riodically from the peritoneal exudate of these animals showed progres- 
sively acid-fast rods, acid-fast granules, non-acid-fast granules, and non- 
acid-fast rods. If the same animal is re-injected, the reaction takes place 
faster, the non-acid-fast granules becoming apparent after 5 days. Ber- 
gel considered this change to be degenerative, but whether the animals 
died from these infections he does not say. In our opinion, Bergel was 
witnessing the actual life-cycle of the microérganism, as the description 
of the forms obtained by him tally in sequence and in morphology with 
those observed by ourselves. After examining the peritoneal exudate 
obtained 14 days after injection, Bergel stated that only a few non-acid- 
fast rods were observed. This may be explained on the supposition that 
the microérganisms were by that time absorbed from the peritoneal 
cavity, and had taken up their location elsewhere in the animal body. 
Bergel’s work, however, received partial confirmation by Meader and 
MacJunkin. Reenstiera found round and oval granules as well as yeast- 
like cocci to be nonpathogenic for guinea pigs. This is directly contra- 
dicted by Sweany, who was able to produce tuberculosis in guinea pigs 
with extremely small doses of these granular forms. 

At the present time it may be said that the results obtained from this 
investigation do not warrant an extended discussion of their possible 
relation to the works of others on bacterial dissociation, mutation, and 
the pleomorphology which these subjects involve. The literature having 
been recently admirably reviewed by Hadley (76) and by Henrici (77), no 
attempt will be made to go into the matter in detail. Instead, a few 
outstanding contributions will be briefly cited, which seem to show that 
a number of the elements observed in this study have been seen by others 
in cultures of many different species of bacteria, and, instead of being 
taken as evidence of degeneration, as was formerly the case among the 
older workers, these forms have been looked upon as parts of dissociative 
or cyclic phenomena. 

As long ago as 1907, Fuhrmann (78) subscribed to this theory, and 


PLATE 6 


Fig. A. Top view of glass moisture-chamber upon which mica apron and cover-slip are 


subsequently mounted 

Fig. B. No. 1 cover-slip, 24 x 50 mm. 

Fig. C. Mica apron showing slot. 

Fig. D. Hollow-ground slide with polished depression of about 3 mm. depth. 

Fig. E. Cover-slip, upon which microdroplets are isolated, sealed in place on hollow-ground 
slide. 

Fig. F. Microdroplets isolated on cover slip. X66. 

Fig. G. Diplococcoid cleavage of the ovoid forms resulting from the initial segmenting 
of the parent bacillus. 1100. 

Fig. H. Clumps of granules resulting from grouped diplococcoid forms. 1100. 

Fig. I. Mass of dust-like particles showing tiny rods sprouting at the periphery. 1100. 

Fig. J. Young tubercle bacilli which have formed froma dust clump. X1100. 

Fig. K. Mature tubercle bacilli. 1100. 
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Fontes shortly after, in 1910, considered the minor granules, which he 
observed in cultures of the tubercle bacillus, to have generative impor- 
tance. Léhnis and Smith (79) acquainted us with the highly complicated 
developmental processes resorted to at times by B. azstobacter. The 
work was then extended by them to other types of bacteria (80), and in 
these instances a complicated type of life-cycle was noted for the forms 
observed. Later, Negri (81), during the course of his investigations on 
granulomata of a malignant nature, encountered a highly variable type 
of microdrganism, which he purified by single-cell methods. These 
purified cultures still exhibited considerable pleomorphism. 

Hadley states that in active dissociation of certain microérganisms 
the reaction is often accompanied or preceded by a generation not only 
of long filamentous types but also of multitudes of minute coccoid 
forms and still smaller granular, globoid or gonidia-like bodies apparently 
resembling some of those first described as gonidia by Cohn (82) for creno- 
thrix. Similar types have also been noticed by Almquist (83), Hort 
(84) (85) (86), and Mellon (87). Hadley (88) has observed them in 
dissociating cultures of B. coli, B. typhosus, B. pneumoniae, B. lipisepti- 
cum, B. malleus, B. diphtheriae, and cultures of unidentified microérgan- 
isms from air and water. Hadley states that cultures may at times be 
stabilized in the coccoid state and apparently remain so foraconsiderable 
period. Reactions of this sort have been noted by Mellon (89). In 
these studies Mellon (90) also points out the various morphological ele- 
ments which are possibly concerned in the life histories of ““B. hodgkini,” 
certain diphtheroids, and other types of bacteria as well (90a, b, c,d 
and e). 

Enderlein’s (91) work, although of a somewhat philosophical nature, 
attaches considerable importance to the coccoid and granule stages found 
in cultures of various microédrganisms. He believes that old agar cul- 
tures, which fail to give rise to growth after a subsequent transplantation 
to fresh agar slants, may not necessarily be dead but lacking in certain 
definite elements which are essential for reproductive processes. For 
instance, if a normal rod gives rise to coccoid bodies (gonidia), these are 
still easily cultivated. Later, however, as the culture ages, these gonidia 
give rise to still smaller granular forms (gonites), which do not grow on 
solid medium but, when placed in liquid media, become altered into sexual 
forms (oites, spermites), neither of which forms are independently culti- 
vatible, but, after “fertilization” in liquid media, the fertilized oites grow 
either in broth or on agar and from these the normal microdrganism 
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PLATE 7 


Chambers micromanipulator, showing pipette introduced into moisture-cell, upon which is 
mounted the mica apron and coverslip in their relative positions. 
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(mychit) develops. Although Enderlein has found it necessary to elabo- 
rate the terminology containing a considerable number of new words for 
his theory, as Hadley states, the fact remains that, whatever we may 
term these tiny granular bodies (which in the case of this H37 strain of 
tubercle bacillus most certainly arises from the gonidial types), Ender- 
lein’s conception of the actual mechanics of this phenomenon, isolated 
phases of which have been reported by numerous workers, offers a 
logical hypothesis that has been made available to explain the alternation 
of coccus and bacillary phases of growth in the same culture, and, if such 
pertains, for the alternation between filterable and nonfilterable stages in 
the life of a culture. Enderlein believes that the most common of the 
filterable forms of bacteria are not fragments endowed with regenerative 
powers, but definite stages in the cyclogeny of these species, for the most 
part, the microgonidia, the gonites, or in some cases, the spermites, 
according to this investigator. 


SUMMARY AND CONCLUSIONS 


1. With the aid of the Chambers micromanipulator a technique has 
been developed, which has made it possible to grow a single tubercle bacil- 


lus or small groups of from 2 to 6 microérganisms in individual micro- 
droplets of Long’s medium for varying periods of time. Periodic micro- 
scopical observations were made on these microcultures, and in some cases 
the developmental processes were followed to their completion. 

2. From the data accumulated in this study it seems logical to conclude 
that, under the experimental conditions here detailed, the H37 strain of 
human tubercle bacillus does not multiply solely by simple fission, but 
undergoes a more complex type of reproduction which may be briefly 
summarized as follows: (a) the initial segmentingof the rod into three or 
more ovoid units; (b) the division of these units into diplococcoid forms; 
(c) the subsequent grouping and reduction of these elements to a mass of 
dust-fine particles, from which extremely small and delicate rods were 
found to sprout; and (d) the later development of these tiny rods into the 
mature tubercle bacillus. 

3. Aso called “‘wild”’ strain of tubercle bacillus, isolated from infected 
urine, was found to undergo a developmental process identical with that 
of the H37 strain. 

4. The reaction of the various growth stages toward the acid-fast 
stain has been described. Some of these were found to be non-acid-fast. 

5. The possible relation of the forms encountered in the present study 
to those which have been described by other observers is discussed. 
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STUDIES ON THE TISSUE REACTIONS TO PRIMARY 
INFECTION AND REINFECTION WITH THE 
TUBERCLE BACILLUS! 


I. A HISTOLOGICAL EXAMINATION OF THE OMENTUM AND 
OTHER SUBPERITONEAL TISSUES 


LEROY U. GARDNER 


INTRODUCTION 


One of the basic tenets of students of tuberculosis is the fact that the 
reaction to primary infection is characterized by proliferation of fixed- 
tissue cells, while in reinfections acute exudative phenomena are domi- 
nant. The validity of this concept is based upon a mass of experimental 
evidence originating from many sources. The pioneer work of Koch 
(1), Trudeau (2), and Rémer (3) stimulated a systematic investigation 
of the phenomenon in most of the organs of the body. We find reports 
from Nichols (4) for the lungs, from Paterson (5) for the pleura, from 
Soper (6 and 7) for the liver and meninges, from Krause and Peters (8) 
for the skin, and from Petroff and Stewart (9) for the cornea. Rist, 
Rolland and Kindberg (10) and later Manwaring and Bronfenbrenner 
(11) investigated the effects of primary and reinfections upon the free 
cells of the peritoneal cavity. These and many other writers have all 
concurred in supporting the general principle laid down by Koch. 

As might be expected, this intensive study has brought to light certain 
additional factors. Krause (8) noted and emphasized the accelerated 
proliferation of the fixed tissues, which forms an important part of the 
reaction to reinfection. It is now recognized that, if sufficiently large 
numbers of bacilli are used for primary infection, exudative manifesta- 
tions will appear, and if a very small reinfecting dose is employed pro- 
liferative changes will be absent or reduced to a minimum. Such obser- 
vations would indicate that the reaction in the two states is not funda- 
mentally different. 


1From the Saranac Laboratory for the Study of Tuberculosis (The Edward L. Trudeau 
Foundation), Saranac Lake, New York. 
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In order to satisfy ourselves that the differences in the cellular response 
to infection in the normal and sensitized animal are quantitative and 
not qualitative, an extended series of experiments has been planned. 
Routine histological sections are ill-suited for the purposes of accurate 
comparison, and consequently some standard which could be treated 
mathematically was sought. It seemed probable that comparative cell 
counts on the blood and peritoneal fluid might meet this requirement. 

While others have used these methods, their reports have not included 
points which might be clarified. For example, the matter of specificity 
of reaction might be more fully treated; the effect of dosage has not been 
sufficiently studied; the interrelation of fixed-tissue changes with the 
character of free exudate and blood cells has been neglected; there has 
been no correlation between the degree of skin hypersensitiveness and 
cellular changes. Furthermore, in the previous studies of peritoneal- 
exudate cells supravital staining was not employed, so that accurate 
differentiation of lymphoid and other mononuclear cells was not possible. 

Our results will be discussed in a series of papers. Exudate cells and 
their relationships will be studied in the peritoneal and pleural cavities; 
blood cells will be considered in connection with pulmonary lesions. The 


latter was suggested by Simpson’s (12) paper. This site seemed most 
feasible, for counts could readily be made on the blood from the two sides 
of the heart, which would permit a comparison of the cells entering and 
leaving a localized field of infection. 

The first paper of the series deals with 


THE HISTOLOGICAL EXAMINATION OF THE OMENTUM AND OTHER SUB- 
PERITONEAL TISSUES 


In order to establish the fact that subperitoneal tissues react to primary 
infection and reinfection with the tubercle bacillus in accordance with 
the general principle discussed in the introduction, and in order to set 
up a basis of comparison for the subsequent parts of the study, it is 
necessary to describe the histological aspects of the reaction in these 
structures. Furthermore, several phases of the histogenesis of the 
tubercle are so well illustrated in this study that detailed description 
seems warranted. 

Two groups of guinea pigs were used, one infected with a small dose 
of virulent tubercle bacilli, and another with a large one. Each group 
consisted of an equal number of primarily and reinfected animals. 
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Sensitization of the groups for reinfection was induced by subcutaneous 
inoculation of low-virulent tubercle bacilli at a point remote from the 
peritoneum. The time-interval between sensitization and the test inocu- 
lation was 40 days for the larger reinfecting dose, and 18 days for the 
smaller. The period of observation covered only the first 17 days after’ 
infection, as it was first planned to limit the study to early manifesta- 
tions of reaction. 

Procedure 


Group I: 18 male guinea pigs, all about 400 gm. in weight, were sensitized by 
injecting into the subcutaneous tissues of the right axilla 0.5 cc. of a thick, 
milky suspension of tubercle bacilli (attenuated strain R1). 

Forty days later these animals, together with 18 more normal guinea pigs 
of the same sex and weight were inoculated in the peritoneal cavity with 0.5 cc. 
of a suspension of fully virulent tubercle bacilli (strain H60). This suspension 
was so prepared by trituration, centrifugation and filtration through paper 
that it contained approximately 100 isolated microdrganisms per oil-immersion 
field. No clumps were present. By commutation, this dose is equivalent 
to 0.35 mgm. 


Group II: The same procedure was repeated with the following variations: 
The group consisted of 22 guinea pigs, half of which were sensitized. The 
time-interval between the first and second inoculations was shortened to 18 
days. The dosage for the test inoculation was only one-tenth that in the first 
groups, 0.5 cc. of a suspension containing 10 isolated bacilli per oil-immersion 
field, or approximately 0.035 mgm. 

The subsequent treatment of both groups was the same. At serial intervals, 
(Z, 3, 1, 2, 4, 5, 11, 24 hours, and 2, 4, 7, 10, 14 and 17 days) after intraperi- 
toneal inoculation, a pair of animals, one primarily infected and one reinfected, 
were anaesthetized with ether and their peritoneal cavities were opened. 
Taking great care to avoid contamination with blood, portions of the fluid were 
withdrawn for cytological examination. The results of this part of the work 
will be treated in a subsequent communication. The omentum and mesenteric 
and tracheobronchial lymph nodes were immediately fixed in Zenker’s fluid, 
while portions of the diaphragm and parietal peritoneum were stretched upon 
Pieces of paper before immersion in the fixing fluid. Sections were cut and 
stained with haematoxylin and eosin, eosin and methylene blue, and Ziehl- 
Neelsen counterstained with haematoxylin and orange G. 


HISTOLOGICAL LESIONS 


Sensitizing Infection: The injection of the low-virulent microérganisms 
in the right axilla produces only local reaction in the axillary and tracheo- 
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bronchial lymph nodes. There is no macroscopic involvement of the 
viscera; no microscopic lesions could be found in the omentum and sub- 
peritoneal tissues. 

Local Infection in the Peritoneal Cavity: The differences in reaction due 
to the dosage employed in the two series may be quickly disposed of, for 
they did not prove to be nearly as great as might be expected. With 
the larger dose an initial inflammatory reaction (to be described below) 
developed rapidly and reached its maximum in 4 hours, an occurrence 
which required 11 hours with the smaller dosage. After this preliminary 
period, differences attributable to the number of microérganisms injected 
could not be detected. It must be remembered that these observations 
covered only the early phases of tubercle-formation, and did not include 
the later period when the factor of dosage determines the outcome of 
disease. The most significant feature which can be ascribed to this 
cause was the milder reaction to the smaller dose which permitted a 
clearer differentiation between primary and reinfected animals. 

For convenience in description, the reaction has been divided into 
periods, and such a division is not altogether arbitrary, for the different 
stages are quite well defined. It is more simple to consider the entire 
series of changes in each organ separately. 


I; Omentum 
Period of Nonspecific Reaction: the First 24 Hours 


Fifteen minutes after both primary infection and reinfection inflam- 
matory changes had already appeared. The vessels were dilated and 
showed the classical marginal arrangement of leucocytes. Some migra- 
tion of leucocytes had also taken place. On the surface of the omentum 
partial desquamation of the mesothelium had occurred, and there were 
small accumulations of mononuclear and polynuclear leucocytes. In 
the deep collections of lymphoid tissue great numbers of eosinophiles 
had appeared. These changes were well marked in the animals reinfected 
with the larger dose, and they had even begun to appear in those pri- 
marily infected with the smaller one. 

Again during the 4th and 5th hour the appearances of the two groups 
were practically indistinguishable. Patches of fibrin and haemorrhage 
were scattered over the surface and collected about the deeper vessels. 
Polynuclear neutrophiles greatly outnumbered all the other cells, but 
eosinophiles were numerous. Both on the surface and in the deeper 
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PLATE 1 
Fig. 1. Omentum 4 hours after primary infection; nonspecific inflammation. 
Fig. 2. Omentum of sensitized animal, 4 hours after local infection. Nonspecific reaction 


more marked than in the primary infection. 
Fig. 3. Omentum 24 hours after primary infection; nonspecific inflammation subsiding. 
Fig. 4. Omentum of sensitized animal, 24 hours after local infection. Excessive inflam- 


matory reaction. 
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tissues mononuclear leucocytes were grouped in small, solid masses. 
True giant cells were frequent. (See figures 1 and 2.) 

By the 11th hour the reaction had increased in severity. In extent, 
it was always greater in the reinfection, but in character there was no 
apparent difference in the two groups. The inflammatory exudate was 
now so thick that most of the fixed cells were almost entirely obscured. 


Second Period: Focal Proliferation 


At some time between the 11th and the 24th hours a remarkable 
change took place in the tissues of the primary infection. By the end of 
this time, all that remained of the abundant inflammatory exudate was 
a few leucocytes, often of the eosinophilic type, adhering to the serosal 
surfaces. The covering mesothelium, which had partially desquamated, 
had begun to regenerate, as evidenced by mitotic figures. In the depths 
of the omentum there were a few scattered leucocytes and lymphocytes, 
and some rather prominent clumps of mononuclear cells. The latter 
were particularly abundant in the connective-tissue coats of the blood- 
vessels (see figures 3 and 4). At 48 hours there was little change in the 
general appearance of the primary infection, except that the few remain- 
ing evidences of inflammatory exudate had disappeared (figure 7). On 
closer examination great numbers of mitotic figures were seen in the 
masses Of mononuclear cells. Multiplication of these cells progressed 
at a rapid rate during the next 5 days, so that by the 7th day solid, 
compact nodules had developed at the site of the perivascular monocytic 
collections. After these tubercle-like nodules had formed, mitotic figures 
began to appear in the endothelium of small blood-vessels and in the 
surrounding fibroblasts. On a careful search of the preceding stages, 
no evidence of division of these cells could be detected. 

In the reinfected animals the omentum failed to show a corresponding 
clearing of the initial exudative manifestations. (Figures 4 and 6.) In 
fact, the inflammation became even more intense (figure 8). By 48 
hours foci of necrosis had developed in the exudate, and this was followed, 
not by caseation, but by liquefaction. Apparently much of the material 
was removed, for the sinuses of the tracheobronchial, retroperitoneal and 
omental lymph nodes were now distended with plasma and large phago- 
cytes containing cellular debris. As in the primary infection, but two 
or three days earlier, mitotic figures began to appear in the surface and 
deep collections of mononuclear cells, and the nodules rapidly increased 
in size. There followed in the same order the multiplication of endo- 
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PLATE 2 


Fig. 5. Omentum 24 hours after primary infection. Detail of figure 3. 

Fig. 6. Omentum of sensitized animal, 24 hours after local infection. Detail of figure 4. 

Fig. 7. Omentum 48 hours after primary infection. Further clearing of nonspecific 
inflammation. Early proliferation of mononuclear elements. 

Fig. 8. Omentum of sensitized animal, 48 hours after local infection. Marked acute 


inflammation. 
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thelial and connective-tissue cells, although in the reinfection these 
changes were considerably obscured by widespread exudative manifesta- 
tions which persisted without abatement. 


Third Period: Tubercle-Formation Completed 


At 10 days the primary infection showed typical nodular noncaseous 
tubercles. They consisted of collections of large pale-staining epithelioid 
cells, surrounded by an outer zone of proliferated fibroblasts and a few 
newly formed blood capillaries. The elements of this peripheral layer 
were flattened and compressed into concentric rings, and most of the 
capillaries being empty were hard to recognize. Exudative manifesta- 
tions were scanty. (Figure 11.) 

In the reinfected animals the same stage had already been attained by 
the 6th day. On the 7th, necrosis in the centres of the nodules was 
well developed, a change which was accompanied by an influx of 
polynuclear leucocytes. Generalized inflammatory reactions still per- 
sisted. (Figure 12.) 

At 17 days the primary infection and reinfection were practically 
indistinguishable. The primary lesions were spreading locally through 
the lymph-spaces and the extension was accompanied by inflammatory 
reaction, but the individual nodules still remained discrete. In the 
reinfection the lesions were more confluent and the amount of perifocal 
inflammation was perhaps more marked. In each group the tubercles 
were fully developed and presented extensive caseation. 

The ultimate outcome of the two types of infection was not followed 
in detail. The tissues of a few animals, which were allowed to survive 
until death, were examined histologically. The primary infection re- 
sulted in a progressive tuberculosis, generalized throughout the body. 
The omentum was greatly thickened and almost completely caseous, 
and the parietal peritoneum was studded with large caseous tubercles. 
Reinfection produced a more chronic disease with more limited involve- 
ment of the viscera. The omentum was reduced to a shrunken mass of 
scar which included small caseous foci. On the parietal peritoneum were 
small discrete fibrous nodules. 


II: Diaphragm 


While various parts of the parietal peritoneum were studied, that 
portion covering the diaphragm proved most satisfactory because of 
the greater ease with which the tissue could be handled in the prepara- 
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PLATE 3 


Fig. 9. Omentum 4 days after primary infection. Proliferation with no inflamma- 
tory elements. 

Fig. 10. Omentum of sensitized animal 4 days after local infection. Mixture of prolif- 
erative and inflammatory reactions. 

Fig. 11. Omentum 10 days after primary infection. Noncaseous tubercle on surface. 

Fig. 12. Omentum of sensitized animal 10 days after local infection. Very large tubercle 
with coagulation necrosis. 
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tion of sections. The histological features resembled those in the 
omentum, but because of its simplicity of structure some of the reactions 
were more readily followed in the diaphragm. 

In the diaphragm, tubercles developed in two locations, some in the 
free peritoneal surface and others about the blood-vessels in the deeper 
muscular layers. The lesions were fewer in number and smaller in size, 
but the time required for their development was practically the same as 
that in the omentum. 

The superficial tubercles apparently developed from clumps of free- 
floating mononuclear cells which adhered to the surface where the meso- 
thelium had desquamated. Mitotic division in the adherent cells formed 
nodules, which ultimately attained macroscopic proportions. The 
tumor-like mass was anchored in position by regenerating mesothelium, 
which grew out over its surface, and the fixation was completed by a 
layer of granulation tissue which developed from the subserous con- 
nective tissues. Under the existing conditions it was possible to observe 
that in point of time proliferation of the superficial group of mononuclear 
leucocytes always preceded the appearance of mitotic figures in the 
underlying fibroblasts and vascular endothelium. The former divided 
and produced more mononuclear leucocytes, the future epithelioid cells; 
proliferation of the latter formed the nonspecific connective-tissue capsule 
of the future tubercle. 

Meanwhile, a most interesting series of events was taking place in the 
depths of the diaphragm. As early as 2 hours after inoculation, in both 
primary infection and reinfection, the lumina of the vessels were crowded 
with large monocytes. One was seen in mitosis. About the outside 
of these vessels were collections of cells which were indistinguishable 
from the monocytes of the blood-stream. While actual evidence of 
migration into the extravascular tissues could not be detected, it was 
tempting to consider them as emigrated blood cells. 

At 48 hours, the development of a severe inflammatory oedema so 
separated the various elements of the diaphragm in the reinfected animal 
that conditions particularly favorable for observation were created. A 
very marked proliferation in the endothelium of fair-sized vessels (veins?) 
was noted. In a single section about 15 mm. in length, 12 mitotic 
figures were counted. Since this multiplication of the endothelial cells 
also followed an initial perivascular accumulation of mononuclear 
cells, it was interpreted as the first phase in the development of new 
blood-vessels. 
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DISCUSSION 


A glance at figures 1 to 12 will satisfy even the casual observer that 
there are well-marked differences as between the reaction to primary 
infection and that to reinfection. ‘The initial inflammatory reactions, 
illustrated at the 4-hour period, are quite similar, but are slightly more 
pronounced in the reinfection. At 24 hours clearing of the exudate in 
the primary infection is well under way; by 48 hours it is almost com- 
plete, and all that remains is a small noninflammatory zone of mono- 
nuclear cells beneath the regenerated mesothelium. Leisurely prolifera- 
tion of the cells in this zone produces a series of nodules which will 
ultimately become tubercles. After the initial 24-hour period of inflam- 
mation, exudative manifestations are practically absent, until at the 
17th day the tubercles begin to spread and allergy comes into play. In 
the reinfected series, on the other hand, the initial inflammation does not 
subside, but continues with no abatement throughout the period of 
observation. True tubercles have formed by the 4th day, and they 
have become caseous by the 7th day. In the primary series tubercle- 
formation was not complete until the 10th day, and caseation was only 
observed on the 17th. 

The study corroborates the general principles of reaction to primary 
and reinfection, and demonstrates that the subperitoneal tissues are 
not exceptional in their behavior. 

The initial inflammation in both types of infection is probably to a 
large extent nonspecific in nature, for a similar reaction is excited by 
the intraperitoneal injection of a variety of substances. For example, 
we have produced it with 0.5 cc. of physiological saline solution, with 
saline and aqueous suspensions of inorganic dusts, and with tuberculo- 
protein. The protein was somewhat more active than the other sub- 
stances, but otherwise the effects were the same, and complete resolution 
occurred after 24 to 48 hours. In the sensitized animal reinfected with 
tubercle bacilli, it is not possible to differentiate between the nonspecific 
and the specific inflammation induced by allergy. The initial exudation 
is more intense and more extensive in this case. It does not subside, 
but increases in severity, because the already existing sensitiveness is 
accentuated by the new infection. 

These studies, particularly the portion relating to the lesions on the 
surface of the diaphragm, emphasize a point of view not universally 
accepted in the histogenesis of tubercles, that is, that the infectious 
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nodule is composed of two parts quite distinct in their origin. The first 
is a specific response, and consists of a tumor-like nodule of mononuclear 
cells; the second is nonspecific in nature, and is composed of connective- 
tissue cells and blood-vessels proliferating perhaps because of the pressure 
exerted by the expanding nodule within. The presence of newly formed 
blood-vessels in the external granulation tissue coat is often overlooked, 
because they are generally compressed and empty in the fully ma- 
tured tubercle. 

The significance of vascular endothelial proliferation has frequently 
been interpreted in another way. Mallory (13), Foot (14), Permar (15), 
and others have maintained that this structure gives rise to the epithe- 
lioid cells. While it is not the purpose of this paper to discuss this 
controversial subject, it may be said that the evidence submitted is not 
in accord with their views. The observation that the cells of the vascular 
endothelium begin to multiply only after the primary epithelioid nodule 
has formed suggests that they will take some other part in the developing 
lesion. This part, we believe, is the formation of new capillaries. 

The occurrence of great numbers of monocytes within the lumina of 
blood-vessels, particularly in the diaphragm, as early as two hours after 
infection, suggests that many of the free exudate cells may be derived 
from them. In subsequent communications it will be shown that the 
free cells stain supravitally with neutral-red in a manner typical for 
monocytes. Whether the perivascular masses of cells are also monocytes 
which have migrated from the blood-stream has not been determined. 
Sabin (16) and her coworkers believe that monocytes develop from 
undifferentiated reticulum cells in the connective tissue. It is possible 
that those outside the vessels have developed locally, and that those 
within the lumen are migrating inward, rather than in the reverse 
direction. 


SUMMARY 


This histological study serves as a qualitative basis for comparing the 
effects of primary and reinfection with the tubercle bacillus in the peri- 
toneal cavity. It demonstrates that the subperitoneal tissues are not 
exceptional in their behavior, and that these tissues also meet primary 
infection with a slow proliferation, and reinfection with an inflammation 
accompanied by accelerated proliferation. Both sensitized and non- 
sensitized animals respond immediately to the injection of tubercle 
bacilli with an acute inflammation. But in the primary infection, this 
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reaction 1s nonspecific in nature, and it completely disappears after forty- 
eight hours. In the reinfection, the nonspecific exudation is accentuated 
by hypersensitiveness, and inflammatory phenomena do not disap- 
pear, but continue with increasing severity throughout the course of 
the disease. 

The anatomical background in which the infectious lesions developed 
has been particularly favorable for histological study. It has been pos- 
sible to observe the formation of the specific nodule of epithelioid cells 
and its subsequent investment by a nonspecific capsule. The origin of 
each of these elements has been discussed. 
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HISTOLOGICAL STUDIES ON HEALED TUBERCULOUS 
PRIMARY LESIONS OF THE LUNG! 


R. H. JAFFE ann S. A. LEVINSON? 


The greatest progress of recent years in the pathological anatomy of 
tuberculosis undoubtedly is the attempt to explain the different mor- 
phological reactions of the animal organism against the tuberculous 
virus on the basis of changes in the allergic state. Thus, the most 
characteristic form of the tuberculous inflammation, the epithelioid-cell 
tubercle, indicates an immunity which is not yet present at the time of 
the first contact of the virgin body with the tubercle bacillus.’ This first 
contact therefore leads to a nonspecific exudative process which, in the 
most common localization of the tuberculous primary lesion, namely 
in the lung, is a fibrinocellular bronchopneumonia. The exudate rapidly 
undergoes caseation, and it is about this caseous pneumonic focus that 
the first epithelioid-cell tubercles appear. At this time the body has 
acquired an immunity, and if this immunity is strong enough the walls 
of the tubercles gradually become transformed into a capsule of dense 
connective tissue. In the tributary lymph nodes, the early involvement 
of which is so characteristic of the tuberculous primary complex, the 
response is a tubercle, since during the lapse of time between the infection 
of the lung and that of the lymph nodes immunity has developed. 

The reactive changes about the tuberculous primary focus in the lung 
and the tributary lymph nodes are of the greatest importance, since 
they determine the fate of the infected individual. They are insufficient 
in many cases of tuberculosis contracted in early life, and hence a 
generalized and rapidly fatal infection frequently follows the tuberculous 
primary lesions of infants and small children. With progressing age the 
defense becomes more and more effective, and in the majority of the 
cases leads to the isolation of the nidus of the infection from the rest of 
the body. There has been much discussion as to the possibility that the 


1 Presented at the annual convention, National Tuberculosis Association, Portland, 
Oregon, 1928. 

? From the Department of Pathology, Cook County Hospital, and the Laboratories of the 
Municipal Tuberculosis Sanitarium, Chicago, Illinois. 
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arrested tuberculous infection may break through the wall built by a 
temporarily resistant organism, and cause the chronic progressive tuber- 
culosis of a single organ or organ-system which is characteristic of the 
later periods of life. Most of the investigators, however, believe that the 
chronic tuberculosis, especially of the lungs in adults, results from a new 
exogenous infection. Careful histological studies, chiefly by Ghon and 
his pupils, on the other hand, have shown that there exists an endo- 
glandular exacerbation of the quiescent tuberculous infection, leading 
by metastasis to an endogenous reinfection of the lung. The flaring up 
of the old tuberculous primary lesion in the lung is emphasized by 
Hiibschmann and his school. 

The histological picture of the healing tuberculous primary lesion 
has been described in detail by Aschoff, Hiibschmann, Puhl, Schulze, 
Schurmann, Siegen and Wurm. The changes are characteristic, and 
enable one to distinguish the healed primary lesion from the cicatrized 
and calcified remnants of the foci of reinfection. Though quiescent at 
the first glance, insidious processes inside of the encapsulated primary 
lesion may go on for many years, resulting in its more or less complete 
replacement by bone. 

Many of the old tuberculous primary lesions contain bone, but there 
are instances in which, even in an old individual, bone-formation is not 
observed. In the calcified apical scars of reinfection bone relatively 
seldom develops. What accounts for this difference has not yet been 
explained. Indeed, most of the authors who call attention to the ossifica- 
tion of the primary lesion merely quote the fact and discuss the histo- 
genesis of the bone. Those who attempt to explain the differences point 
toward the difference in age of the lesions, an explanation which, how- 
ever, is not satisfactory. 

The present studies aim at additional information concerning bone- 
formation in the tuberculous primary lesions of the Jung. 


MATERIAL 


From the current autopsy material 50 primary lesions were selected. 
They showed the characteristic macroscopic appearance, namely, they 
were circumscribed, usually spherical nodules, varying in diameter from 
2 to 30 mm. Subpleurally located and covered by a slightly thickened, 
hyaline pleura, they were most frequently found in the middle portions 
of the lung which have the most extensive respiratory ventilation. The 
adjacent lung tissue was unchanged except for slight emphysema. The 
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nodules consisted of a hard grayish-white centre and a slightly trans- 
parent darker gray capsule. Many of them contained irregular, very 
hard, yellowish-white areas, which extended from the inside of the cap- 
sule into the centre, sometimes replacing it almost completely. The 
tributary lymph nodes were the site of similar stony concretions, which 
usually were larger than those in the lung but did not occupy the entire 
node, a rim of deeply anthracotic lymph tissue usually surrounding them. 

The age of the patients from which the lesions were taken varied 
between 13 and 83 years. There was an even number for each decade of 
life, namely 8, except for the first two decades, which were taken together, 
and the group above 70, which consisted of only two individuals. The 
routine histological technique consisted of formalin fixation, total and 
partial decalcification in 5 per cent nitric acid and embedding in cel- 
loidin. A partial decalcification is essential for studying the histogenesis 
of the bone. From 10 to 25 sections were taken from different levels, 
and stained with hematoxylin-eosin, Van Gieson’s picric-acid-fuchsin 
stain, Mallory’s aniline-blue mixture, and Weigert’s stain for elastin. 


DISCUSSION OF THE HISTOLOGICAL FINDINGS 


The healing of the tuberculous primary lesion consists of three phases, 
namely, the formation of a fibrous and hyaline capsule, the calcification 
of the centre, and the partial or complete replacement of the centre and 
parts of the capsule by bone. The latter phase, however, does not 


always occur. 


1: The Capsule: According to Aschoff and his pupil, Puhl, the capsule 
of the tuberculous primary lesion is composed of two layers. There is an 
internal layer of hyaline tissue, which is avascular and which Aschoff 
calls specific. The specific capsule is surrounded by a nonspecific one, 
which is made up of fibrillar connective tissue. Most investigators 
consider the specific capsule a product of the epithelioid cells. That 
fibrocytes take part in its formation can be seen in early stages in which 
these cells are found proliferating between the shrinking tubercles. A 
new crop of epithelioid-cell tubercles may destroy the capsule. In the 
outer layer of fibrillar connective tissue, small nodular accumulations of 
lymphocytes are frequently observed. They extend into the adjacent 
lung tissue. Besides these nodules we have often found bundles of 
smooth-muscle fibres, derived from the wall of the obliterated portions 
of the bronchus and the blood-vessels leading to the lesion. 
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Hiibschmann emphasizes the intimate connection of the capsule 
with a larger blood-vessel, which forms a kind of pedicle to which the 
lesion is attached. At the point of attachment the capsule is either 
inverted or everted. Figure 1 depicts an artery running toward the 
primary lesion. Since this lesion develops from a focal bronchopneu- 
monia, its connection with a bronchus and the accompanyng blood- 
vessels is to be anticipated. Siegen points out that many small branches 
are given off by these vessels which enter the capsule and can be followed 
close to the hyaline portion. The statement of Aschoff that the specific 
capsule does not contain any blood-vessels is not correct, in so far as 
fine capillaries not seldom can be traced through the hyaline layer close 
to the calcified centre. If these vessels are engorged with blood cells, 
as in inflamed lungs, their presence is most striking (figure 2). In 
cases of severe passive congestion of the lung we have sometimes found 
small haemorrhages between the hyaline capsule and the calcified 
centre, an observation which is in accordance with our assumption that 
capillaries extend down to the centre. There is therefore some relation 
maintained between the centre and the body. Hiibschmann and Siegen 
consider this relation of importance with regard to the exacerbation of an 
old primary lesion. 


2: The Calcification of the Primary Focus: The products of tuberculous 
caseation, in general, have an affinity for lime salts, and calcified tubercles 
are found everywhere in the body. It seems, however, that in the 
primary complex the tendency to calcification is more marked than in the 
later stages (Ranke, Aschoff). Hence, the primary lesions may very 
early become calcified. Schurmann says that calcification can take place 
within from 6 to9 months. Geipel found calcified lesions in infants aged 
6 and 8 months, and Kiiss in a baby 11 months of age; Ghon had the same 
experience with a child 17 months of age. In our material the earliest 
calcified primary lesion of the lung was observed in a colored girl that had 
died from bronchopneumonia at the age of 18 months. The statement of 
Hamburger and Sluka, Selbach, and Lubarsch, that calcification does not 
occur before the second year of life, therefore, does not hold true. Pagel 
believes that the necrotic tissue absorbs lime salts while virulent tubercle 
bacilli are still present. In experimental tuberculosis he found calcifica- 
tion after 4 to 6 weeks. 

The calcium is deposited in the form of fine granules or larger drop-like 
concretions. Granules and drops arrange themselves in concentric rings 
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resembling the so called Liesegang’s figures. These rings do not always 
occupy the entire centre, an uncalcified zone of caseous material surround- 
ing them (figure 3), or several rings can be seen lying side by side. In 
the earliest stages of calcification we have sometimes observed that the 
first granules accumulate about the persistent elastic framework of the 


caseated alveoli. 


3: The Bone-Formation: The occurrence of hard and stony concretions 
in the lungs and bronchial lymph nodes has been long known. Piorry 


PLATE 1 


Fic. 1. Tuberculous primary lesion with an artery running straight to it. Dilated 
capillaries in the outer portion of the capsule. Slight emphysema of the surrounding lung 
tissue. Magnification 22 times. Colored woman, aged 33, dead from syphilitic aortitis. 

Fic. 2. C = dilated capillary in the hyaline (specific) capsule. Magnification 350 times. 
White woman, aged 27, died from rheumatic pancarditis. 

Fic. 3. Concentric rings of calcium precipitates in a small intrapulmonary lymph node 
closely adjacent to an ossified primary lesion. Note that the calcification does not involve 
the entire caseous area. Magnification 30 times. White woman, aged 55, dead from recur- 
rent carcinoma of the breast. 

Fic. 4. Circumscribed area of loosening and proliferation of the fibrocytes in the specific 
capsule. Magnification 55 times. Colored man, aged 27, dead from postoperative 
peritonitis. 

Fic. 5. B = small bony trabecula closely adjacent to the calcified centre. Magnification 
115 times. White woman, aged 21, dead from pericarditis. 

Fic. 6. G = invasion of calcified centre by granulation tissue. A = histiocytes filled with 
coal pigment. At 7 the capsule is cut tangentially. Nondecalcified section. Magnification 
55 times. Colored woman, aged 68, dead from peritonitis. 

Fic. 7. G = giant cell eroding calcified material. O = osteoid tissue. Magnification 
55 times. White woman, died from massive collapse of the lung following panhysterectomy. 

Fic. 8. Two layers of bone separated by fatty bone-marrow, with accumulations of 
lymphoid cells surrounding the small remnant of the calcified centre. Magnification 16 
times. White man, aged 55, dead from carcinoma of the stomach. 


refers to Galen, Paul of Aegina, Fabricius of Hilden, and others, as 
having described them; and, according to Becker, Bonet, Morgagni, 
Senacius de Haen, Kerkering, Cruikshank, and Haller were familiar 
with these findings. A critical historical review of this problem has 
recently been given by Schurmann, to whose extensive paper reference is 
made. The relation of some of these lesions to tuberculosis was sug- 
gested by Laennec (1826), Rilliet (1844), Lebert (1862), Virchow (1864) 
and Villemin (1868). Laennec already distinguished the stone-like 
concretions, made up of bone, from softer ones, composed of a chalk-like 
centre and a cartilaginous wall. 
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In more recent years the stony deposits in the lung and lymph nodes 
were made the subject of histological investigations, and the suggestion 
of the earlier authors that they might contain bone was confirmed 
(Beusen, Pollack, Poscharisky, etc.). Interest in bone-formation was 
stimulated by the observation that it is characteristic of and most 
common in those lesions, especially of the lung, that result from the 
primary infection (Schmorl, Aschoff, Puhl). Puhl found bone in 50 per 
cent of primary lesions of the lungs, while it was present in only 7 per 
cent of apical scars from reinfections. 

In order to explain the significance of the ossification of the primary 
lesions the detection of the earliest changes that lead to bone-formation is 
important. These earliest changes consist of circumscribed areas of 
loosening and cellular proliferation in the specific capsule (figure 4). 
The scanty, dark nucleated fibrocytes, which, with a varying number of 
histiocytes (filled with coal pigment, anthracophores) are found between 
the hyaline trabeculae, swell up and divide, while the hyaline basement 
substance is replaced by a pate-stained, slightly basophilic substance. 
It is important to note that the nonspecific capsule takes little part in 
the transformation of the specific capsule. The cellular activation starts 
in the latter in close vicinity to the calcified centre. Where the specific 
capsule assumes the appearance of young connective tissue the calcium is 
resorbed. In figure 4 the beginning of the resorption is shown in the 
form of a flat depression corresponding to the area of cellular prolifera- 
tion. In some instances a hyaline, oxyphilic band is visible along the 
line of resorption. It encloses some of the fibrocytes, which shrink, and 
thus osteoid (preosseous) tissue is formed. It becomes calcified, and a 
thin, bony trabecula now separates the centre from the cellular portions 
of the specific capsule (figure 5). With the lateral spreading of the 
cellular activation a more or less complete bony ring is formed. 

There are, however, considerable quantitative differences as to the 
extent of these changes, differences which are not only determined by the 
age of the individual. In old people the bone-formation sometimes is 
very insignificant, and is restricted to a few bony spicules about the 
calcified centre. On the other hand, extensive ossification occasionally 
is observed in young adults. These differences can be explained by the 


.fact that in certain instances the activation of the specific capsule is much 


more intensive. Before bone-formation sets in, the cellular granulation- 
tissue derived from the specific capsule erodes and deeply invades the 
calcified centre (figure 6). Giant cells take part in the resorption of the 
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calcium (figure 7G). The ingrowth of granulation tissue has been 
emphasized by Mebius, Hiibschmann, and Wurm. Wurm compares it 
with the perforating channels of bone resorption. It is, however, not 
always present, and represents an exaggerated form of the changes 
mentioned in the preceding section. Where the granulation tissue 
borders on calcium, preosseous tissue is formed (figure 70). Bone 
trabeculae of varying thickness result from its calcification. The 
ingrowing granulation tissue often spreads laterally, separating a mar- 
ginal zone of calcified material from the rest of the centre. By bone- 
formation along the borders of the granulation tissue two concentric 
layers of bone develop. The outer layer extends to the nonspecific 
fibrillar capsule, which prevents its spreading farther, and assumes a 
periosteum-like appearance. Where two layers of bone have developed 
the outer layer usually is more compact than that adjacent to the 
remnant of the centre (figure 8). 

With the development of mature bone the granulation tissue changes 
its morphological character. It becomes less cellular, and resembles 
myxomatous tissue. Fat droplets accumulate in the branched cells of 
which it is composed, and typical fatty bone-marrow is gradually formed. 
It contains smal] groups of lymphocytes and plasma cells and histiocytes 
loaded with coal pigment. Here and there a single eosinophilic or neutro- 
philic myelocyte is found. We did not find, however, normoblasts or 
megalokaryocytes. While Puhl speaks of a complete absence of myeloid 
elements in the fatty marrow of the ossified primary lesions, Hiibschmann 
describes besides the fatty, blood-forming marrow, and Mebius observed 
highly developed red bone-marrow in one of his cases. 

Where bone is formed, bone also breaks down. In ossified tuberculous 
primary lesions, too, bone-resorption takes place. but only by osteolysis. 
In none of our sections could osteoclasts be found. In the primary lesion 
of a woman aged 83, which was located in a carnified portion of the lung, 
the bone resembled the picture seen in osteomalacia. The marrow was 
fibrous and hyperaemic, and the trabeculae were composed of osteoid 
tissue only. 

There remains the question as to the histogenesis of the bone in the 
tuberculous primary lesions. First, preosseous tissue is formed from 
young granulation tissue in close vicinity to dead and calcified tissue 
undergoing resorption. The preosseous tissue absorbs the calcium salts 
from the tissue fluids which are oversaturated with them. Even in the 
cases of very slow and insignificant ossification, preosseous tissue can 
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always be found if a sufficient number of sections of partially decalcified 
material is examined. Those investigators who speak of a bone-forma- 
tion by direct metaplasia of connective tissue apparently had restricted 
their studies to completely decalcified lesions. 

In close proximity to the preosseous tissue the connective-tissue cells 
often assume the appearance of the so called osteoblasts (figure 7ObIl.). 
Puhl and Beusen deny the occurrence of osteoblasts while Poscharisky 
and Mebius emphasize their frequency. We do not intend to decide 
whether the osteoblasts deserve their name, whether they really produce 
the bone. Recently two extensive studies on the histogenesis of the bone 
have been published, coming to opposite conclusions. According to 
Leriche and Policard the osteoblasts are connective-tissue cells struggling 
against the transformation of the medium, which surrounds them, to 
bone. They have nothing to do with the formation of the preosseous 
tissue and the bone. Lubosch points out that the osteoblasts not only 
form the basement substance but that they are also instrumental in 
depositing the calcium salts. It is a hopeless undertaking to explain 
histological phenomena by the construction of transitional stages since 
the same picture may find contrary interpretations. ‘Tissue cultures 
may help in the final solution of this question, as it has in a number of 
others. 


COMMENT 


In the healed tuberculous primary lesion of the lung bone-formation 
is much more common than in any other calcified tuberculous scar. 
This is so much so that Aschoff regards it the most important criterion in 
distinguishing the former from the remnants of the reinfection. Even 
in the tributary lymph nodes the old tubercles, though often of a stony 
consistence, only seldom contain bone. 

There is no apparent difference in the microscopic picture between the 
encapsulated and calcified tuberculous focus of the primary lesion of the 
regional lymph node and of the reinfections, especially of the apical 
regions of the lung to account for this difference. In all three places 
there is a caseated centre encrustated by lime salts and surrounded by a 
thick hyaline capsule, which on the outside gradually passes into a layer 
of fibrillar connective tissue. Is it only the greater age of the primary 
lesion which explains its replacement by bone? It is true that the process 
of bone-formation in this location is a very slow one and may extend 
over years, but there is not much difference in the age between the lesion 
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in the lung and that in the regional lymph nodes and, in spite of it, 
bone-formation in the lymph node is about ten times less common than 
in the lung. Furthermore, it is well known that many reinfections occur 
in childhood and adolescence, and with progressing age the time interval 
between them and the primary infection becomes less and less significant. 
If, as Mebius believes, connective tissue in the later age-groups has a 
greater tendency to bony metaplasia, why does it restrict this tendency 
to the primary lesion? Poscharisky did not see any bone-formation 
before the age of 28. Pollack states that most of the people with bone 
are over 50 years of age. In his material there were only 12 positive 
findings in the group below 50 years as compared to 31 above this age. 
Mebius even goes so far as to say that lesions containing bone are found 
only in advanced age. None of the authors quoted, however, gives the 
number of cases on which he bases his observations, separated for each 
decade of life, which is important, since most of the people die in ad- 
vanced age. In arranging our material according to age we obtain the 
following figures: 


Age Percentage of Number 
years bone-formation of cases 


two cases in 
this group both 
of which showed 
bone 


The average age of individuals with bony primary lesions is 46 years 
as compared with 33 of the group with nonosseous primary lesions. 
The earliest primary lesion containing bone was found in a man aged 21. 
The oldest primary lesion without bone was observed in a man 63 years of 
age. There was no marked difference between males and females and 
between white and colored individuals. 

These figures indicate that indeed with advancing age the frequency 
of ossification of the pulmonary primary lesions increases. This increase, 
however, is not as striking as one would expect were age the only de- 
termining factor. The age factor loses even more of its importance if 
one considers not only the presence of bone but also the extent of the 
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ossification. In a young individual we not infrequently found the pri- 
mary lesion almost completely replaced by bone, while in very old people 
the bone sometimes was restricted to a few thin spicules. 

One has therefore to assume that, besides age, there is something else 
to account for the ossification of the primary lesions. In order to produce 
bony connective tissue it has to revert into an indifferent stage. Leriche 
and Policard say that an ossifiable medium results from the oedematous 
infiltration of the connective tissue which is brought about by lymphatic 
stasis. Slight inflammatory irritation stimulates the formation of bone, 
since it increases the interstitial accumulation of lymph-fluid. When, 
by oedematous swelling, the hyaline capsule of the primary lesion 
becomes transformed into an ossifiable medium, this process undoubtedly 
is stimulated by the calcified centre. This stimulation is still more 
evident if a cellular granulation tissue invades the centre. The dead 
and calcified material by itself cannot induce these changes, else they 
would be found in any old and calcified tubercle. 

Bone-formation in the lung occurs also without relation to tuberculous 
primary lesions. In old people bony trabeculae not infrequently are 
found in the walls of the alveoli (Arnsperger, Bostroem, Luschka, Nelius, 
Riediger, Seemann, Strumia, Wegelin, and many others). The ossifica- 
tion of the alveolar walls is associated with chronic interstitial inflam- 
matory changes. Weil produced a chronic productive interstitial 
pneumonia in guinea pigs by inoculating tubercle bacilli of low virulence; 
in several instances this was associated with bone-formation. As far as 
the human lesions are concerned it is not likely that the tubercle bacilli 
have anything to do with the ossification. The former conception of the 
long persistence of tubercle bacilli in the primary lesions has not been 
confirmed by recent investigators, notably Opie and Schrader. It is in 
the apical lesions of the adults in which, according to Opie, tubercle 
bacilli may survive though healing is far advanced, and in these lesions 
bone rarely is found. The lack of the specific response characterizes the 
early stages of the primary lesion. The necrotic material of the focal 
bronchopneumonia, with the toxic products from the metabolism and the 
breaking down of the tubercle bacilli later, is separated from the body 
by a wall of specific granulation tissue. With the shrinking and dehy- 
dration of the centre the toxic substances become more concentrated and 
irritate the cellular elements of the capsule, which in the meantime 
has been transformed into dense hyaline tissue. If the irritation is 
intense there is an ingrowth of granulation tissue, and an extensive and 
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early formation of bone. It may be mentioned in this connection that 
in the ingrowing granulation tissue abortive tubercles sometimes are 
observed. If the irritation is but slight there is an insignificant bone- 
formation which develops very gradually. If, finally, the lesion re- 
sembles, in its local conditions, those of reinfection, bone is not produced. 
In reinfections too, there are exudative changes, which, however, very 
quickly are followed by the specific response. It is perhaps this early 
specific response that prevents the irritating action of the centre upon 
the capsule, and hence bone-formation does not take place. 


SUMMARY 


The tendency of the tuberculous primary lesion of the lung to become 
replaced by bone is explained on the basis of an irritating action of the 
calcified centre upon the specific capsule. This irritating action leads 
to an ingrowth of granulation tissue, which, bathed with tissue fluids 
oversaturated with calcium salts, undergoes osseous metaplasia. 

The osseous metaplasia is characteristic of the pulmonary primary 
lesion and is perhaps due to its peculiar histogenesis. It is seldom 
observed in the calcified and encapsulated tubercles of the regional 
lymph nodes and of the reinfections. 
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CULTURING BOVINE TUBERCLE BACILLI? 


MAX EVANOFF anv H. C. SWEANY 


As a continuation of our culture experiments with ‘‘milk” and “‘cream”’ 
media (1) (2), respectively, we desire to report our findings with the 
bovine tubercle bacillus as obtained from tuberculous lesions of cattle. 
The media referred to as “milk” and “cream” are prepared as follows: 


To 450 gm. of finely ground veal is added an equal quantity of milk containing 
15 per cent glycerine (72.5 cc. of glycerine and 377.5 cc. milk). The milk and 
cream must be fresh and heated the least possible that will ensure sterilization. 
Quantities of 500 cc. or less may be sterilized by heating 45 minutes at 100°C. 
on two successive days. After soaking the veal overnight in the milk and 
glycerine it is leached through sterile gauze. To the filtrate double the amount 
of whole fresh well-beaten eggs are added. The eggs are sterilized in 70 per 
cent alcohol for thirty minutes before use. The whole mixture is then well 
stirred and strained through sterile gauze, tubed in 10-cc. amounts, and 
inspissated. The first day the tubes are heated at 85°C. for one hour, and on 
two successive days at 75°C. for one houreach. The tubes are then incubated 
for three days in the incubator and three days at room temperature, to test 
for contamination. 

The cream medium is made by soaking 450 gm. of finely ground veal in 315 
cc. of sterile fresh milk. This quantity represents 70 per cent of the veal 
(30 per cent is allowed for cream to be added later). The next morning the 
mixture is filtered, and the filtrate reckoned as 70 per cent of the milk-cream 
mixture. To illustrate: Say there is 300 cc. of filtrate, representing 70 per cent 
of the milk-cream mixture. There would be 428.5 cc. of milk and cream, or 
128.5 cc. cream that must be added. Double this quantity of eggs is added 
(428.5 times 2 equals 857 cc.). The eggs and the milk-cream mixture are 
stirred well together, filtered, tubed, and inspissated quickly to prevent the 
butterfat from rising to the top. There should be a total of 1285.5 cc. of 
medium. Otherwise, it is treated as the milk medium described above. 

The milk and cream must not be overheated because excessive hydrolysis 
of fats and proteins seems to interfere with growth results. By calculation, 


1From the Research Laboratories of the Municipal Tuberculosis Sanitarium, Chicago, 


Illinois. 
2 This article was read in part before the Society of Experimental Biology and Medicine, 


Chicago, Illinois, February 28, 1929. 
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it is estimated that the “milk” medium represents about 1 per cent butterfat 
with 5 per cent glycerine, while the “cream” medium represents 3 per cent 
butterfat without glycerine. 


Most of our cultures were obtained from infected lymph nodes, in 
which only a few, if any, bacilli could be found by direct smear. The 
tissues were cultured directly from infected foci, and simultaneously 
were treated with 3 per cent sodium hydroxide for 20 minutes, and with 
3 per cent hydrochloric acid and 6 per cent and 12 per cent sulphuric 
acid each 20 minutes respectively. The respective residues were then 
cultured on the various media. This seems to be the first time direct or 
primary cultures have been obtained from such sources with consistency. 

Plate 1 reveals a few of the typical growths on the various media and 
also the relative effects of the caustics used in treating the material. 

It will be observed that the “cream” medium is practically specific 
for growing the bovine bacillus directly from bovine material. Out of 
the seventeen attempts we obtained that many positive cultures. It is 
true, however, that one culture (no. 14) produced only one colony, and 
one culture (no. 15) grew better by direct inoculation. Most of the cul- 
tures, however, grew with fair luxuriance; indeed, all that could be 
expected from the few microdrganisms present. Transplants of glycer- 
ine-agar have grown very poorly and slowly. Within three months all 
the cultures on glycerine-agar have shown growth,—barely perceptible 
in some and with only fair growth in others. 

It remains to be seen whether bovine microérganisms, transplanted 
to the human host, behave in the same manner as they do directly from 
bovine material. Judging from the reports of others they do not do so. 
The change is perhaps similar to that brought about by passage through 
guinea pigs. There seems to be a general but certain change in the 
bovine strain as it adapts itself to other environments. ‘This change is 
expressed by and, in fact, may be determined by its degree of avidity for 
pure glycerine. It is not to be assumed, however, that this change 
necessarily makes it a human strain or even human-like. It resembles 
the human strain in this one particular. The only way to make it a 
human strain perhaps is for it to pass through human beings sufficiently 
long, if ever. An important feature of this work therefore 1s that not a 
single growth was obtained on any medium containing 5 per cent fresh 
glycerine. This observation has been made before by Moeller, then 
Beck, then Cobbett, and finally Park and Krumwiede (3) devised a plan 
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for differentiating the two forms based on this difference of growth 
behavior. Even the “milk” medium did not produce any growth when 
5 per cent glycerine was present. However, a few cultures were obtained 
on cooked horse-blood-agar free from glycerine. Rabbit, human and 
chicken cooked blood-agar also produced growths decreasing in number 
and luxuriance of growth in the order named, although not recorded in 
‘our table. Cooked 5 per cent horse-blood-agar, therefore, rates as a 
fair second to the cream medium for growing bovine tubercle bacilli. 
It is perhaps comparable to the nonglycerinated Dorset egg medium of a 
generation ago. In this series there was a very sharp difference between 
the “cream” and the “glycerine” egg-milk cultures. This does not apply 
strictly to subcultures or microérganisms recovered from guinea-pig 
lesions and perhaps human lesions. Park obtained a difference on plain 
and glycerinated Dorset egg medium from cultures obtained from in- 
oculated animals. With our improved culture methods we obtain 
results from bovine lesions directly that are comparable to earlier results 
after animal passage. 

The caustics used are important, and the results show that they cannot 
be used carelessly. For example, culture no. 15 was killed entirely by 
caustics, except for one questionable colony, following the use of 3 per 
cent sodium hydroxide. It emphasizes again what we have repeatedly 
said; namely, that when possible, culturing should be done directly, because 
there is no useful caustic entirely harmless to tubercle bacilli. Strains 
vary greatly in their susceptibility. In contradistinction to culture no. 
15, culture no. 12 grew after treatment with all caustics, and even after 
12 per cent sulphuric acid. This culture is also of an extremely high 
grade of virulence. The guinea pig died of generalized tuberculosis in 14 
days, and the rabbit in 18 days. There does not seem, however, to be any 
constant parallelism between the ability to resist caustics and virulence. 

A striking fact is that Park’s method of testing virulence in rabbits is 
not reliable for all the strains tested, using the cultures grown on fresh 
‘cream’ medium. Some rabbits receiving 0.1 mgm. of the bovine 
microérganisms were living after five months. Whether this will be 
true with broth cultures remains to be seen. 

This leads us to a consideration of the different types of microérganisms 
recovered. In practically every culture we found and isolated one or 
more strains of microdrganisms that possessed varying grades of acid- 
fastness, virulence and shapes. This was more prevalent following 
sodium-hydroxide treatment. It suggests that practically every old 
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PLATE 1 


Fig. 1. a: Growth on “cream” medium from bovine specimen no. 1 

: Growth on ‘‘cream”’ medium from bovine specimen no. 
: Growth on “‘cream”’ medium from bovine specimen no. 
: Growth on “cream”? medium from bovine specimen no. 

Bovine specimen no. 9 

a: Results on “‘cream”’ medium 
: Results on ‘milk’? medium 
: Results on cooked chicken-blood-agar 
: Results on cooked horse-blood-agar 
: Results on cooked rabbit-blood-agar 

f: Results on Corper’s medium 

. Bovine specimen no. 16 

a: Results on “cream” medium 

b: Results on ‘milk’? medium 

c: Results on cooked horse-blood-agar 

d: Results on Corper’s medium 
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lesion contains not one single strain but one predominant strain with a 
shower of variants or mutants that accompany and perhaps emanate 
from the predominant strain. The treatment of the specimen with 
caustics kills off most of the variants and poorly protected forms, leaving 
the most resistant forms to grow on the medium. This phenomenon is 
perhaps the same as that studied by Sweany (4) and others with the 
human-type tubercle bacilli. 

The fact that the Park test in animals did not conform to the type 
can be explained on this basis. After passing through a guinea pig and 
culturing, the most typical bovine strains are recovered, giving the rapid 
fatality usually obtained in rabbits. 

The types recovered from one of these strains will be briefly described. 
Several other strains have shown this tendency, and we believe that it 
is a more general occurrence with the bovine than the human types. 

From specimen no. 1, therefore, we noted the following aberrant 
microérganisms: After the usual colonies of bovine bacilli appeared, 
there came to light an atypical colony that was round and moist, but the 
bacilli were acid-fast. Transplants from this produced more acid-fast 
bacilli. At this point there was noticed a dissociation into a shower of 
different forms. Some colonies were moist and spreading, some were 
markedly pigmented, and some resembled the typical bovine tubercle 
bacillus growth. From this group we noted the following forms: Viru 
lent solid acid-fast bacilli, avirulent solid acid-fast bacilli, weakly acid- 
fast bacilli, slow-growing non-acid-fast bacilli, non-acid-fast bacilli 
with acid-fast granules, non-acid-fast bacilli with large bipolar violet 
granules similar to Sweany’s color-plate figures 12 and 13, violet cocci, 
slow growing non-acid-fast cocci (4), semi-acid-fast cocci, and acid-fast 
cocci. 

Many of these forms were avirulent; some were virulent but produced 
only acute inflammatory changes, while one violet coccus produced a 
pathological condition that suggested a transitional form of pathological 
change similar to that described by Sweany for aberrant human tubercle 
bacilli. It was observed that many of these granules seemed to pass 
through a cycle to bacilli and back to granules again, some of which 
seemed to originate small nests or microcolonies of acid-fast bacilli. 

The violet coccus was found to possess some virulence. In guinea pig 
ZA8 there was enlargement of the local and hilum lymph nodes. Pus from 
the local nodes of this animal was inoculated into guinea pig A6, and 
death resulted from pneumonia, with marked enlargement of the lymph 
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Bovine Curture #15 


3% 3% 6 % 
NaOH HCL 


PLATE 2 


12% 
SO x 


Showing growth from culture no. 15 on the direct inoculation but not on any treated 


specimens. 
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nodes. Pus from these nodes was inoculated into guinea pig IIA36, and 
the pathological result was not unlike that of tuberculosis. There were 
acid-fast bacilli in the hilum lymph nodes. The non-acid-fast bacillus 
was next inoculated into guinea pig Z34. There was a tuberculosis-Jike 
pathological picture, but only acid-fast granules were recovered. From 
the lymph node of Z34, animal ITA4 was inoculated. There was only a 
faint resemblance to tuberculosis. The spleen was enlarged eight times, 
and red, but there were no tubercles. The local site was purulent and 
contained acid-fast cocci. 

The non-acid-fast bacilli, without granules, were next inoculated into 
guinea pig Z31 on May 4, 1928, and it died June 5, 1928. A tuberculosis- 
like picture resulted. The protocol is as follows: There was a bloody 
pleural effusion; the lungs were solid, with many small grayish tubercles; 
the local lymph nodes were slightly enlarged; the spleen appeared normal; 
the hilum lymph nodes were enlarged and fibroid; a smear from the lungs 
showed acid-fast bacilli and acid-fast cocci. The remainder of the 
strains produced no pathological changes, except for the virulent acid- 
fast bacilli mentioned above. 

Although these microdrganisms appeared to be pure and to undergo a 
regeneration of acid-fastness, they were not single-cell cultures, and for 
that reason this is offered only as presumptive evidence, until it can be 
confirmed by single-cell culture. 

Most of these cultures seem to be stabilized at present, and resemble 
members of the paratubercle bacilli group in appearance, growth and 
behavior. It is interesting, and perhaps significant, that they should 
arise in lesions of bovine tuberculosis. Many other strains have mani- 
fested a similar variability. 

The efficiency of the various caustics is quite variable, perhaps more 
so than the precentages would indicate. The volume of growth was 
generally more on the hydrochloric-acid treated specimens than the 
others. The exact percentage was as follows: Of those treated with 3 
per cent HCl 89 per cent of the tubes were positive; with 3 per cent 
NaOH 83.2 per cent were positive; with 6 per cent H2SO, 78.7 per cent 
were positive, and with 12 per cent H,SO; 71.6 per cent were positive. 
There was no serious contamination. 

The direct smear grew four times out of seventeen. 


CULTURING BOVINE BACILLI 


SUMMARY 


1. A direct culture method is described for obtaining culture growths 
and identifying tubercle bacilli from bovine material. 

2. The bovine microérganisms isolated grow directly on cream-egg- 
milk medium, but not on glycerine-egg-milk medium or other glycerinated 
media. 

3. There appears to be a shower of microérganisms associated in the 
lesions of cattle that resemble paratubercle bacilli, some of which appear 
tobe tuberculogenic after animal passage. 

4, Direct inoculation and treatment with 3 per cent HCl and 3 per 
cent NaOH are recommended for best results. 


We are indebted to Dr. Enos L. Day for the material used in this work and we take pleasure 
in expressing our appreciation for his courteous assistance. 


REFERENCES 


(1) Sweany, H. C., anp Evanorr, M.: The isolation of tubercle bacilli from septic material, 
Amer. Rev. Tuberc., 1928, xvii, 47. 
(2) Sweany, H. C., AND Evanorr, M.: Further studies on the cultivation of the tubercle 
bacillus, Ibid., 1928, xviii, 661. 


(3) Park, W. H., anD KruMwieDE, C.: The relative importance of the bovine and human 
types of tubercle bacilli in the different forms of human tuberculosis, Bull. Dept. 
Health, N. Y. City, 1910. 

(4) Sweany, H. C.: The regeneration of acid-fastness in apparently degenerate tubercle 
bacilli, Amer. Rev. Tuberc., 1928, xvii, 53. 


| 

235 
if 

i 


THE TREATMENT OF TUBERCULOUS PERICARDITIS 
WITH EFFUSION BY INJECTION OF AIR AND 
LIPIODOL INTO THE PERICARDIAL SAC 


Preliminary Report of a Case! 
W. ACKERMANN 


Tuberculous pericarditis with effusion is not so rare. The method of 
treating it, however, barring aspirations, has not been changed to any 
extent to date. It seems quite strange that the institution of therapeutic 
artificial pneumopericardium, as carried out by Emile-Weil, and Loise- 
leur (1), Meyer (2), Castex (3), Wenckebach (4), and Oppenheimer (5), 
has received only scant attention. Each author mentioned has reported 
only a single case. 


Report of Case 


Patient: A. S., aged 48, born in Ireland, bus-driver by occupation, of regular 
habits. None of usual diseases of childhood; no history of consumption in 
family; considered himself in fine health until March 1, 1928, when he became 
suddenly ill with following symptoms: high fever, chills, slight cough, short- 
ness of breath, nausea, vomiting and weakness. 

Treated at first by private physicians, apparently for pleurisy. As condi- 
tion did not improve, on March 12 he went to St. Luke’s Hospital, New York, 
where case diagnosed as ‘“‘pulmonary tuberculosis (?); pleurisy with effusion.” 
For the latter, 7 or 8 thoracocenteses were carried out. In an improved condi- 
tion, on May 7, transferred to Sea View Hospital, where the following diagnosis 
was made: chronic pulmonary tuberculosis; tuberculous pericarditis with 
effusion (?). (See figure 1.) For next seven weeks under conservative treat- 
ment; medications were diuretin, novasurol (intravenously), etc. Afternoon 
temperature range from 99.4° to 102.2°; pulse range 86 to 140; respirations 26 
to 38. The shortness of breath and cardiac dulness increased gradually. 

Condition of Patient July 2: Marked dyspnoea with cyanosis, extreme ex- 
‘ haustion, anxious expression, and pulse of low tension and paradoxical type 
(small, rapid, and weaker during each inspiration). Pulse-rate 120, respira- 
tions 30 and rather shallow, temperature 100.4°. No noticeable bulging in 


! From the Surgical Division of the Sea View Hospital, Staten Island, New York. 
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precordial region, although careful inspection revealed some fulness of inter- 
costal spaces (3rd and 4th), and also an undue prominence in epigastric region. 
Apex-beat neither visible nor palpable. On percussion, cardiac dulness enor- 
mously increased, beginning above in first interspace, extending outward to 
nipple line on the right, and to the left away beyond nipple into posterior axilla. 
Cardiac flatness also greatly increased, reaching hepatic flatness at about 
mammillary line on right, and on the left far out into midaxilla; on left it began 
above at second interspace. Cardiac dulness pear-shaped, as characteristic 
for pericardial effusions, and it altered percussion note mostly over left lung. 
A radiograph (figure 2) ascertained the established size and shape of the car- 
diac dulness. Expansion of left hemithorax appeared to be diminished, due 
to compression of left lung. On palpation, friction rub was felt at base, and 
there was no fluctuation. The most reliable sign of fluid in pericardium was 
narrowing of area of dulness, with corresponding decrease in width of shadow 
over great vessels when patient was changed from erect to recumbent posture. 
Just beneath angle of left scapula there was an area of dulness posteriorly, 
which increased or diminished according to position of patient (sitting up or 
leaning forward). The heart-sounds were distant; and a disturbance of rhythm 
and an accentuation of pulmonic second sound were also encountered. The 
lung examination showed a general harshness of breath-sounds, while over the 
hila and apices posteriorly were found a few crepitant rales. Sputum tests 
were negative for tubercle bacilli. No oedema was present. 

In consultation with Dr. G. Kremer, Medical Superintendent, it was de- 
cided to perform paracentesis of pericardium immediately. After local anaes- 
thesia with a 2 per cent procain solution, the following technique was used: A 
lumbar-puncture needle was inserted through the 6th left intercostal space, 
one inch to outside of mammillary line (a method recommended by Curshmann 
and the same technique was followed in all subsequent paracenteses) and 300cc. 
of cloudy serofibrinous fluid were removed. ‘The fluid proved to be strongly 
positive for tubercle bacilli, both in plain smears and in cultures. After opera- 
tion, patient was greatly relieved of shortness of breath, and pulse felt fuller 
and more regular. Pulse-rate and respirations were somewhat diminished. 
Cardiac dulness was also diminished, especially at base. This was most no- 
ticeable in sitting position. 

July 4: Third pericardicentesis performed. After withdrawing 450 cc. of 
fluid, first pneumatic therapy was carried out, namely, 50 cc. of air injected 
into pericardium by means of Robinson artificial-pneumothorax apparatus. 
In the radiograph (figure 3) the injected air can be seen at the left and slightly 
above 3rd costosternal junction, and it can be plainly noticed that size of heart 
shadow is decreased. Patient withstood the first pneumatic therapy with- 
out complications, and for next few days temperature dropped to normal; 
pulse-rate averaged 110, and respirations 30. 
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July 9: After withdrawing 500 cc. of fluid, 150 cc. of air were injected with- 
out complications. In radiograph (figure 4) a larger amount of air can easily 
be seen on left side, separating thickened pericardial wall from heart proper. 
The cyanotic and dyspnoeic condition practically disappeared. The patient 
felt comfortable, gradually gained in strength, appetite improved, and pulse 
ranged about 100 and respirations 28. The friction rub disappeared. 

July 14: The next pericardicentesis was carried out. After withdrawal of 
500 cc. of fluid, 200 cc. of air were injected. This time the air was distributed 
inside the pericardium, as can be seen in radiograph (figure 5). It separated 


PLATE 1 


Fic. 1. ConpITION OF HEART ON SECOND DAY AFTER ADMISSION (PATIENT IN 
PRONE 
Fic. 2. TELEROENTGENOGRAPH ABOUT 7 WEEKS AFTER ADMISSION 
Shadow of extreme width at level of great vessels. Pericardial sac in contact with thoracic 
wall on left. 
Fic. 3. AFTER THIRD PERICARDICENTESIS, 450 cc. OF FLUID REMOVED AND 50 cc. oF AIR 
INJECTED (Frrst PNEUMOTHERAPY) 
Fic. 4. FourTH PERICARDICENTESIS AND SECOND PNEUMOTHERAPY: 500 cc. oF FLUID 
REMOVED AND 150 cc. or Arr INJECTED 
The air occupies a much greater portion of the pericardial sac, but only on the left side 
Fic. 5. Torrp PNEUMATIC THERAPY. AFTER WITHDRAWAL OF 500 cc. oF Fium 200 cc. 
oF ArR WERE INJECTED 
The air is seen separating the pericardium from the heart on both sides on the right and 
left. 
Fic. 6. Srx Days AFTER THIRD PNEUMATIC TREATMENT 
The reformation of exudate is proceeding slowly 
Fic. 7. 250 cc. oF Ftum WERE REMOVED, AND 10 cc. oF LirpropoL FoLLowenp By 50 cc. 
oF ArR WERE INJECTED 
The base of the pericardium can be distinctly seen 
Fic. 8. CONDITION AFTER TREATMENT AS IN FIGURE 7, ONLY WITH PATIENT IN 
PRONE POSITION 
The difference in width of the shadow at the level of the great vessels can be seen. 
Fic. 9, THIRTEEN Days AFTER LAST TREATMENT 
The reformation of exudate is proceeding comparatively slower 


the pericardium on left and right sides from the heart proper, and X-ray 
showed a heart of approximately normal size. From July 14 to about end 
of month, temperature remained below 100°, with respirations 24. Marked 
strengthening of general condition of patient and reduction in amount and 
rapidity of exudate-formation were noted. The latter can be plainly seen from 
the fact that in the beginning the aspirations had to be repeated daily, but 
afterward only at intervals of two to five days. 

For “follow-up” a new radiograph was made on July 20th, in order to de- 
termine the rapidity of refilling of fluid. (See figure 6.) 
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July 30: Another pericardicentesis was carried out: 250 cc. of fluid of same 
nature as referred to above were removed, and replaced by only 50 cc. of air. 
As shown in all the previous radiographs air was visible between the base of the 
pericardium and the heart, and 10 cc. of lipiodol were injected: First, in order 
to determine whether the pericardium at its base was adherent to the heart 
proper; second, to prevent the formation of adhesions, if any; and third, to 
diminish the formation of exudate from the pericardium at its base. Figures 
7 and 8, both show distinctly the outline of the pericardium at its base, the 
latter radiograph more pronounced than the former, due to the fact that it 
was taken with patient in the prone position, while figure 7 was taken with 
patient upright. The same radiographs also show distinctly the difference in 
width of shadows over larger vessels. The patient withstood the lipiodol in- 
jection with ease, but his temperature, pulse and respirations on day of opera- 
tion, in the afternoon, went up and remained above normal until August 20. 
During this period the temperature ranged from 100.2° to 102.8°, with pulse 
120 to 140, and respirations 28. From July 30 to August 20 patient was 
aspirated three times, namely, on August 8,11 and 17, and each time, instead of 
the cloudy fibrinous fluid as upon all previous occasions, a purulent, greenish- 
white exudate was obtained. This was examined bacteriologically, and the 
cultures proved to be negative for mixed infection. 

After August 20 temperature remained about normal; average pulse about 
110, and respirations between 20 and 24. All discomfort, pounding of the 
heart, pains in precordial region and friction rub disappeared, and heart-sounds 
became more audible. Patient felt quite well, and gained in weight, which, 
on July 12, was 1374, and on January 31st, 1543 Ibs. 

In a new radiograph made August 30, the effusion showed comparatively 
slow progress. (Note lapse of time since last paracentesis,—August 17, 1928.) 

Nine more paracenteses were carried out, namely, on September 1 and 17, 
October 6 and 18, November 3 and 20, December 6 and 22, 1928, and January 
14, 1929, at intervals of approximately 23 weeks, with the exception of the 
last one, which was performed after 23 days. At each paracentesis 500 to 700 
cc. of fluid were removed and replaced by air (figures 10 to 18). Specimens 
obtained upon each aspiration were examined bacteriologically, and showed 
upon plain-smear examination, as well as cultures, a gradual though marked 
decrease in tubercle bacilli. In August the culture first showed tubercle 
bacilli after three weeks, but the culture of a specimen obtained at the end 
of October took six weeks to grow. After the middle of September, upon plain 
smears, as well as upon concentration, the tubercle bacilli were negative, and 

sputum tests were negative at all times. In all, the pericardium was tapped 
twenty times, seventeen of which were followed immediately by the injection 
of air, and one of these by the injection of lipiodol and then air. After the 
twelfth pneumatic therapy the patient felt so much better that he asked to 
be allowed to get out of bed, and the request was granted. 
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PLATE 2 


Fics. 10 ro 18. CoMPLETE FOLLOW-UP OF NINTH TO SEVENTEENTH PNEUMATIC THERAPY 

Of particular interest is figure 18, because more air (450 cc.) than usual (200-300 cc.) has 
been injected. The shadow of the apex is more distinctly seen and makes less impression 
than if adhesions were being formed at the base of the pericardium. 
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The accompanying teleoroentgenographs serve to show: (1) the enormous size 
of the heart shadow before pneumatic therapy was applied; (2) the different 
stages of reduction of cardiac shadow secured by tapping; (3) the heart at its 
proper size; (4) the entire outline of the pericardium with its enlargement 
(hypertrophy), its thickening, and its relation to the heart. 

Notwithstanding the various abnormal conditions of the pericardium, the 
heart itself appeared normal in size throughout, but became slightly retracted 
toward the right, which retraction was due apparently to adhesions. 

At this date the patient is convalescent, in fact ready to be discharged from 
the hospital at an early date. (Treatments in future to be given by the out- 
patient clinic.) 


CONCLUSIONS 


Though it may not be justifiable to draw conclusions from a single 
case, the following observations seem warranted: 

1. The performance of artificial pneumopericardium is without danger 
and discomfort. 

2. The injection of air gives greater relief than does aspiration of the 
exudate alone. 

3. The presence of air delays the reformation of exudate. 

4. By holding apart the two layers of the pericardium the friction rub 
and formation of adhesions are prevented. 

5. On X-ray examination the air in the pericardium permits one to 
see how completely the exudate has been evacuated. 

6. The injection of lipiodol sets up an irritation, with elevation of 
temperature, and this seems to have a great effect in reducing the 
vitality and the number of tubercle bacilli. 

It should be particularly noted that three weeks after the injection of 
lipiodol the patient’s temperature declined to about normal, and has 
remained at the same level until the present date. 
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THE PATHOGENESIS OF PULMONARY TUBERCULOSIS 
AND ITS COMPLICATIONS! 


AARON ARKIN 


THE CLASSIFICATION OF PULMONARY TUBERCULOSIS 


Various attempts have been made to classify the different forms of 
pulmonary tuberculosis, some based upon the pathology, still others on 
the clinical or the X-ray findings. In 1914 Nicoll differentiated chronic 
pulmonary tuberculosis into exudative and productive forms. Later 
Aschoff and Nicoll classified them into exudative, productive, and 
cirrhotic. The recent beautiful pathologicoroeMtgenological study by 
Graff and Kiipferle in Aschoff’s laboratory shows that in many cases the 
X-ray photograph enables one to differentiate these types with consider- 
able certainty. As a result of their work the exudative lobular type was 
considered a malignant, the productive acinous a benign form of the 
disease. Although the X-ray is able in many cases to determine whether 
a lesion is exudative (acute) or productive (chronic), yet it cannot tell 
us whether an exudative lesion has undergone caseation necrosis, an 
irreversible change, or is simply a congestive or gelatinous pneumonia 
with the possibility of restitutio ad integrum. In fact we know that 
exudative and productive changes are frequently associated, and that 
an exudative focus may be replaced by a productive fibrous nodule, or 
entirely disappear. The work of Graff and Kiipferle marked a distinct 
advance in our knowledge of the X-ray findings in tuberculosis. The 
exudative-caseous foci have an indistinct border which gradually fades 
out into the surrounding lung tissue. The centre is usually darker. The 
indistinct periphery of the shadow is due to exudation in the alveoli, 
the darker centre usually represents caseation. The shadows often fuse 
together. On the other hand the productive nodular foci produce more 
dense, sharply outlined shadows well separated from one another. The 
practical value of this classification is that the prognosis in the exudative 
form, which generally belongs to the bronchogenic form of phthisis, is 
in general Jess favorable than in the productive form. 


1 Address delivered before the Chicago Tuberculosis Society, Chicago, Illinois, May 10, 


1928. 
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It is my opinion that it is often not possible from a single X-ray 
examination to draw conclusions as to the anatomical character of the 
changes. Only repeated examinations will show that larger shadows 
which might be taken seriously may disappear or be replaced by sharply 
outlined nodular or striped shadows of a productive lesion. At other 
times nodular productive shadows may enlarge and assume the appear- 
ance of an exudative focus. The chief factor in the rapid change in 
size of the shadows is the appearance or disappearance of perifocal 
inflammation, a collateral inflammatory oedema, or a congestive, gelati- 
nous pneumonia. 


THE THREE STAGES OF PULMONARY TUBERCULOSIS 


More deserving of recognition than the division into exudative and 
productive is the classification into stages such as has been proposed by 
Ranke, Hamburger, Liebermeister, Hayek, Bard and Pierry, and most 
recently by Neumann of Vienna. This classification is based upon the 
fact that there is a primary stage of tuberculosis which is almost always 
seen in infancy or childhood, and is characterized by the development of 
an aerogenic infection. This consists of a primary bronchopneumonic 
tuberculous focus with lymphogenic propagation to the bronchial lymph 
nodes. The second stage is characterized by the development of haema- 
togenous metastases, in the lungs or other organs of the body. Whereas 
the work of Ghon and Ranke on the primary complex is quite generally 
known, the views of Ranke, Bard, Neumann and others on the stage of 
generalization are not. The third stage is the bronchogenic phthisis, or 
isolated organic phthisis which spreads by the bronchial passages. 

The great practical value of the differentiation between the two 
stages usually seen in adults, the secondary haematogenic and the 
tertiary bronchogenic or “‘canal’’ tuberculosis, is that the prognosis is 
quite different in the two forms. The haematogenic interstitial form is 
usually benign. Even with fever, haemoptysis, cavitation, and emacia- 
tion the disease may last for decades, with years of remissions, and the 
prognosis as to life is good. The surgical manifestations, the lymphatic 
and joint, kidney, adrenal, brain tubercles, belong to this type. Accord- 
ing to Neumann a hard enlarged spleen is constantly found. 

The course in the tertiary stage, or bronchogenic phthisis, is quite 
different. According to Neumann death occurs in fibrocaseous phthisis 
almost invariably within eight years unless artificial pneumothorax or 
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surgical treatment is instituted early. The galloping forms, or caseous 
pneumonia, without reactive connective-tissue proliferation, usually end 
fatally in a few months. Severe intestinal tuberculosis may develop, 
but haematogenous metastases are rare in this form. 


THE PRIMARY STAGE OR PRIMARY COMPLEX 


I shall now discuss these three types more in detail. Thanks to the 
investigations of Kiiss, Ghon, Ranke and others, the mode of infection 
in tuberculosis is now well known. The tubercle bacillus first gains 
entrance into the human body in early life; indeed this may occur during 
the first few days of infancy, as we shall see later, In over 90 per cent 
of cases the primary infection is aerogenic. A clump of tubercle bacilli, 
less often several, is aspirated into the lung and sets up an area of tuber- 
culous bronchopneumonia. This primary focus is usually at the base of 
an upper or lower lobe, very rarely in the apex. Jt consists of an area of 
bronchopneumonia, and is therefore an exudative lesion. It varies in size 
from a focus which is just visible to the naked eye to one which affects 
an entire lobe. The X-ray shadow is rather dense, homogeneous, and 
with a fading border. At times it is composed of several smaller conflu- 
ent shadows. Observed for weeks, months or years, this shadow of 
the primary focus may undergo the following changes: 


1: It may gradually enlarge to occupy an entire lobe, and produce an 
extensive caSeous pneumonia, or it may develop a clearer centre and 
finally show cavitation. 

2: It may remain small, and gradually become more dense, until 
finally calcification occurs, or very frequently ossification, that is, 
metaplasia to bone tissue. 

3: It may become smaller and smaller, until it finally almost com- 
pletely disappears, and may later not be demonstrable even in the X-ray 
plate. Or it may be hidden behind a rib shadow, the spine, the heart 
shadow or upper curvature of the liver. 

4: The inactive primary complex may in later life show acute exacerba- 
tions, and then haematogenous dissemination often occurs in the 
lungs, etc. 


The X-ray alone is unable to determine whether the shadow produced 
by the primary focus is largely a resorbable congestive or gelatinous 
pneumonia with its possibility of a restititio ad integrum, or a caseating 
or already caseated pneumonic focus. 
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Associated with the development of the primary focus in the anergic 

state of the individual there is always a lymphogenic spread to the cor- 
responding tracheobronchial lymph nodes in the region of the hilum. 
This is often marked by delicate bands or stripes running from the 
primary focus to the lymph nodes. The nodes rapidly become enlarged. 
An acute tuberculous lymphadenitis sets in, with marked enlargement 
of the lymph nodes which drain the area of the primary focus. The 
nodes as a rule caseate, and slowly develop hyaline or calcified areas, by 
means of which they can be recognized throughout the life of the indi- 
vidual. The primary focus itself may recede; yes, even be so minute as 
to be overlooked. Hours or days of search with complete dissection of 
the lungs may be necessary to find it. But the lymph nodes of the 
infected region are usually enlarged and caseated, and tell us almost at 
once in which lobe of the lung our search will be rewarded with the 
discovery of the site of entrance of the bacilli. I have many times 
searched for hours, making numerous sections of the lung, until I found 
the primary focus. The enlarged and caseated lymph nodes can very 
often be seen with the X-ray, but not always. They may be concealed 
by the spine or heart shadow. 
. The tuberculous primary focus and its associated tuberculous lymph 
nodes in the hilum are known as the primary complex. (Ranke.) As 
our subject is pulmonary tuberculosis, I shall not discuss the small 
percentage of primary foci occurring elsewhere in the body than in the 
lungs (gastrointestinal tract, nasopharynx, ear, skin, etc.). These extra- 
pulmonary primary foci constitute less than 10 per cent of all cases of 
primary tuberculous infections. 

What are the clinical symptoms of the tuberculous primary complex? 
If the primary focus is large we find the symptoms of bronchopneumonia 
in the area. These I shall not discuss here. When the area is small it 
may produce symptoms depending upon its location. As the area is 
usually somewhere in the periphery of the lung it may produce a localized 
pleuritis. The diaphragmatic pleurisy of such a case may be mistaken 
for appendicitis, gall-bladder disease, or gastric ulcer. There is a 
positive Mussey pressure point. Or a pericarditis may develop when the 
focus lies near the pericardium. There may be painful swallowing when 
the focus is on the left side near the oesophagus. 

But more important in the diagnosis of the primary complex are the 
symptoms due to the enlarged and caseated tuberculous lymph nodes 
in the mediastinum. The Kramer dulness, positive Koranyi, Pet- 
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ruschky’s spinalgia, Kuthy’s striae venosae, anisocoria, etc., may be pres- 
ent. The lymph nodes can often be seen on careful fluoroscopic examina- 
tion or in the photograph, and the tuberculin test becomes positive. 

Due to massive infection or lowered resistance the primary complex 
may progress until the tubercle bacilli reach the blood-stream. Then a 
tuberculous meningitis, or a generalized miliary tuberculosis may follow. 
We now know that such a miliary tuberculosis need not necessarily 
terminate fatally. I have myself seen three cases in young children who 
recovered. The primary focus may ulcerate with bronchogenic spread 
of the infection and fatal caseous pneumonia. In such cases tuberculous 
ulceration of the intestines is frequently found, due to infection of the 
lymph follicles from swallowed bacilli. Haemoptysis or spontaneous 
pneumothorax are possibilities. 

In a high percentage of cases of primary infection the primary focus 
heals with calcification or even ossification. The affected tracheo- 
bronchial lymph nodes may calcify. The calcified focus I have been 
able to find in about 60 per cent of all adults whom I examine by X-ray. 
There may be one to five foci. The calcified spots usually lie in those 
lymph nodes which drain the area of the primary focus. In the other 
35 per cent of adults with the primary complex the focus is either too 
small, has healed without calcification, or is hidden by some other 
shadow as the heart, spine, ribs, etc. 


THE SECOND STAGE OF HAEMATOGENOUS DISSEMINATION 


The second stage of tuberculosis is the period of haematogenous dis- 
semination. This frequently develops about the age of puberty, though 
it may immediately follow the primary infection, as I have already 
stated. This second stage includes a large percentage of all cases of 
tuberculosis in adults. There are certain predisposing causes, the most 
important of which are puberty, pregnancy, diabetes, undernourishment, 
and intercurrent infections. 

We may classify the haematogenous dissemination into several groups, 
dependent upon the severity or extent of the dissemination. There 
are various grades, from the usually fatal malignant proliferation, or 
generalized miliary tuberculosis, to that bland proliferation with a few 
discrete tubercles in the lungs or elsewhere, or only inflammatory changes 
of nonspecific nature. Let us discuss each of the types briefly. 

1: Malignant Proliferation: Here we are dealing with an extensive 
haematogenous dissemination in an individual with low resistance, 
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producing a generalized miliary tuberculosis. The bacilli may enter 
the circulation from the tracheobronchial lymph nodes by way of the 
thoracic duct, or may penetrate a vein, such as the jugular, subclavian, 
superior vena cava, or pulmonary vein. Or there may be an erosion 
of an artery such as the pulmonary artery, or even the aorta. The 
symptoms vary with the localization. They may be cerebral with 
meningitis, pulmonary with marked cyanosis, emphysema, or asphyxia, 
or abdominal with typhoid-like symptoms. 

2: Virulent Proliferation: This form is characterized by many tuber- 
cles, chiefly of the epithelioid type, and is usually not fatal. It may be 
subdivided into four types. 

a: Typho-Tuberculosis: With a typhoid temperature, lymphopoenia, 
and enlarged spleen. But there are no roseolae, there is no bronchitis. 
The Widal is negative, and cultures negative for the typhoid bacillus. 
In this form surgical tuberculosis frequently follows (bones, kidney, 
epididymis in the male, fallopian tubes in the female, brain, pleura, etc.). 
The age of incidence is usually 13 to 18 years. It usually marks the 
first reaction of the body to the presence of tubercle bacilli in the blood. 

b: Polyserositis: Many bacilli enter the pulmonary artery, producing 
subpleural tubercles with resulting pleuritis. Likewise a pericarditis, 
peritonitis, arthritis or meningitis may develop as a result of invasion of 
the terminal arterioles of the various tissues. A polyserositis is often 
the result. The outcome is the development of pleural, peritoneal or 
pericardial adhesions. There is usually enlargement of the spleen. 
There may be a tuberculous arthritis or spondylitis. A solitary tubercle 
of the brain, liver, myocardium, adrenal, or kidney may develop. 

c: Diffuse Fibroid Tuberculosis: There are scattered tubercies in the 
lungs, chiefly in the apical and infraclavicular areas. There may be no 
dulness or pleurisy. Emphysema often develops, and absolute cardiac 
dulness is reduced or absent. Scars of old tuberculous bone disease are 
present. There may be an iridocyclitis. There is usually a hard, 
round enlarged spleen. X-ray examination reveals many small fibroid 
or calcified areas, with sharp outlines, mostly in the upper portion 
of the upper lobes. The process is usually bilateral. 

d: Dense Fibroid and Ulcero-Fibroid Tuberculosis: There is a bilat- 
eral induration of both apices from the productive changes in the haema- 
togenous tubercles. The apical fields are narrowed. Ulceration may 
follow, with the development of stationary cavities. The patients 
gradually become cachectic, but may live for years. Bronchiectases 
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are common, with the development of amyloidosis, clubbed fingers or 
toxic hyperplastic periostitis (pulmonary osteoarthropathy). 

3: Bland Proliferation: This is the common benign form of pulmonary 
tuberculosis, produced by the presence of a few foci in the apices. Neu- 
mann calls it the discrete miliary tuberculosis. Apical dulness, narrowed 
apical fields, recurrent slight attacks of pleurisy are characteristic. The 
process is usually bilateral. Pleuritic scars are found in the interlobar 
fissures or at the base of the lung. The elevation of temperature is 
slight. A pleural friction rub is heard. There is not infrequently a 
“rheumatoid” ocular affection, or Poncet’s tuberculotoxic arthritis. 


THE THIRD STAGE OF BRONCHOGENIC SPREAD 


The third type is the incipient bronchogenic phthisis of adults. It is 
seen especially at puberty, or following pregnancy. The patient has an 
acute attack, with high fever, chills, and lassitude lasting 5 to 20 days. 
The condition is often diagnosed as grippe. There develops a broncho- 
genic dissemination of bacilli, the result of the inhalation of a massive 
dose of bacilli or the penetration of a tuberculous lesion into a bronchus. 
Tuberculous bronchopneumonia is the result, a so called galloping con- 
sumption. Rales of various kinds are heard in different areas, among 
them the “‘caseation” rales so characteristic of this form. The sputum 
contains numerous tubercle bacilli. In this type pregnancy is absolutely 
contraindicated. During pregnancy the patient’s condition may im- 
prove, due to compression of the lung by the high diaphragm, but rapid 
spread with death usually follows delivery. This I believe is due to 
the descent of the diaphragm with mobilization of the lung and new 
aspiration of infected material into the lung. 

According to Neumann, death almost invariably occurs in this broncho- 
genic exudative type of tuberculosis unless pneumothorax or other 
treatment is promptly instituted. Fleischner has found that the large 
shadows, bounded by an interlobar fissure and frequently seen in pulmo- 
nary tuberculosis,.are rarely interlobar effusions as so frequently diag- 
nosed. Many of them are tertiary bronchogenic phthisis. Careful 
fluoroscopic examination will reveal the lobar nature of the shadows, 
which end sharply at the oblique interlobar fissure between the upper 
and lower lobe. Often the lateral view of the chest will show this 
clearly. Such shadows are characteristic of bronchogenic phthisis; or 
they may be nontuberculous pneumonias, or bronchus carcinomas. 
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I wish to call attention here to a very important fact, namely, that 
large pneumonic shadows in tuberculosis are not necessarily evidence of 
irreversible destructive caseation and necrosis. They may represent a 
congestive or gelatinous pneumonia, which, though of tuberculous 
aetiology, may entirely or partly disappear with return to normal. 


PULMONARY REINFECTION 


In closing I wish to discuss briefly the problem of reinfection in pulmo- 
nary tuberculosis, one of the most important in the field of human 
tuberculosis. Does an exogenic reinfection account for most cases of 
pulmonary tuberculosis in adults, or is the reinfection endogenic? If 
exogenic our preventive measures must be directed against contact 
infection; if endogenic we must increase the individual resistance against 
exacerbation or metastasis from an existent focus. I believe that both 
exogenic infection and endogenic exacerbation, or metastasis, occur, and 
in some cases perhaps combined. 

I have seen frequently cases of endogenic lymphatic reinfection 
according to Orth. These are cases with apparently healed primary 
infection and fresh tuberculous changes without demonstrable exogenic 
infection. A fresh tuberculosis develops in the lymphogenic pathway 
of the primay complex. At the congress in Freiburg last April Professor 
Ghon reported a very valuable study in this connection. He examined 
the lymph nodes in the region of the angulus venosus on both sides in 100 
unselected autopsies of tuberculous individuals. Serial histological sec- 
tions were made and studied for evidence of tuberculosis. In 89 of the 
100 cases definite tuberculous changes were found in the lymph nodes 
at the venous angles. These results indicate that in various forms of 
pulmonary tuberculosis the possibility always exists of an invasion of 
the superior cava by tubercle bacilli, with consequent haematogenous 
infection of the lungs. The results do not prove that endogenous lympho- 
glandular reinfection plays the important rédle but show us that the 
problem is not yet solved. These findings support my contention that 
haematogenous infection plays an important réle in human pulmonary 
tuberculosis. 

Evidence which points toward exogenic reinfection in some cases has 
recently been brought forward by Assmann. He has described solitary 
infraclavicular foci of reinfection seen in a number of medical students 
and assistants in pathological institutes of tuberculosis hospitals. I 
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have observed three such cases myself. One I examined for three 
years. The patients have only slight symptoms, looked upon as a mild 
grippe. There is little or no cough. When sputum is obtainable it 
is rich in tubercle bacilli. The physical examination may be entirely 
negative. The X-ray photograph reveals a round, distinctly outlined 
homogeneous shadow, 2 to 5 cm. in diameter. There is no evidence of 
enlarged lymph nodes at the hilum. The focus may slowly diminish in 
size and become more dense, or it may enlarge and even develop a 
cavity. The lesion is most likely a localized pneumonic exudative focus. 
Its recognition is very important because of the necessity of pneumo- 
thorax treatment. One patient whom I saw was a young physician who 
had been employed for three months in a tuberculosis hospital. He 
refused pneumothorax treatment. Two months later the area had 
spread and a large cavity developed. Another case I saw three years 
ago and diagnosed as a tumor metastasis. But I could find no primary 
tumor. Two years later the area had become smaller, darker and more 
sharply outlined. It had apparently changed from an exudative to a 
smaller productive focus and healed. ‘The patient now has no symptoms. 
These are probably exogenic reinfection cases, although the possibility 
of a solitary haematogenous focus cannot be ruled out with certainty. 
They emphasize what I have often seen, that tuberculosis frequently 
makes its first appearance in the infraclavicular region and not at 
the apex. 

I have tried to present a summary of my views on the pathogenesis 
of pulmonary tuberculosis in the hope that they may stimulate further 
study of this very important subject. 
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TUBERCULOSIS AND GOITRE!}? 


LORENZ W. FRANK 


Diseases of the thyroid gland are commanding the attention of the 
laity and the medical profession to a marked degree; indeed the present 
interest in these diseases just about parallels the attention accorded the 
vermiform appendix fifteen to twenty years ago. As these diseases are 
coming to be better understood and as our methods of diagnosis are be- 
coming more accurate, many patients, formerly classed as neurasthenics, 
are now being recognized as suffering from hyperfunction, hypofunction 
or dysfunction of the thyroid. 

Exophthalmic goitre in tuberculosis patients is a rare waits: but the 
milder degrees of hyperthyroidism are relatively common. Much con- 
fusion has arisen on this point on account of the loose application of these 
terms. Some authors state that goitre is frequently found in tubercu- 
losis patients, while others have never seen the two diseases coexisting. 
Sloan (1) reports operations on more than 400 patients who were known 
to be tuberculous, and briefly summarizes three cases. He does not go 
into detail about the type of tuberculosis present in these cases, except to 
say that they had been tuberculous for years, and also that they were 
alive and well nine or more years after the thyroidectomies. This would 
indicate that the tuberculosis was also healed, and that it was healed or 
quiescent at the time of operation. I very recently had the opportunity 
to examine a patient who had suddenly developed a large goitre which 
was moderately toxic. He gave a history of having had pulmonary 
tuberculosis for ten years, but there was no moisture in his lungs, he had 
no symptoms referable to them, and the picture was one of healed tuber- 
culosis. This is a very different state of affairs than when we are dealing 
with active tuberculosis. 

Jackson (2), in his large experience with goitre, has never seen a case 
of exophthalmic goitre and tuberculosis in the same patient. Webb (3) 
explains the increase in size and function of the thyroid (when present 


1From the Lutheran Sanatorium, Wheat Ridge, Colorado. 
2 Read at a meeting of the Denver Sanatorium Association, Denver, Colorado, May 22, 
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in tuberculosis) as a phase in the marshalling of the body’s defensive 
forces against the invading disease. Plummer states that exophthalmic 
goitre is rare in tuberculosis. Fishberg in his book says that when hy- 
perthyroidism does occur in tuberculosis the tuberculosis runs a very 
mild course. The tuberculous toxin stimulates the thyroid at first, but 
when the stimulation keeps on for a considerable time it is effective in 
producing sclerosis of the gland, and for this reason we find sclerosis of 
the thyroid in many cases of fatal tuberculosis. In the cases that I have 
observed of toxic goitre associated with pulmonary tuberculosis, the 
tuberculous lesions were fibrotic or entirely healed, and gave no indica- 
tion of tuberculous toxicity. There is some experimental evidence to 
indicate that hyperthyroidism does not increase resistance to tubercu- 
losis. A dog and three guinea pigs were fed thyroid by Valdes (4). All 
lost weight and one guinea pig died with cachexia. When symptoms of 
hyperthyroidism seemed well developed, the animals were infected with 
tuberculosis, either intravenously or intraperitoneally. All the animals 
that had been fed thyroid died long before the controls. A number of 
culture tests in thyroid and nonthyroid media yielded almost identical 
results. 

The clinical evidence which we have at hand at present seems to indi- 
cate that the milder types of hyperthyroidism are fairly common in 
tuberculosis and particularly during early stages of the disease. When 
the tuberculosis becomes well established and progressive, the hyper- 
thyroidism symptoms are apt to recede. Conversely, if toxic goitre is 
found associated with tuberculosis, the tuberculosis is likely to be inac- 
tive or healed. 

Tuberculosis of the thyroid gland does occur but its existence is not 
recognized clinically. Musser (5) states that pathologists are agreed 
that in the thyroid tuberculosis exists practically only as part of an acute 
miliary process or as a result of extension from nearby structures, such as 
the cervical vertebrae. Coller and Huggins (6) review the literature, and 
report five new cases of this condition that occurred in a series of 1,200 
cases of thyroid disease treated by operation. One of these was an 
adenomatous goitre containing very large areas of active caseating tuber- 
culosis. Two were adenomatous goitres in which miliary tubercles were 
found on routine pathological examination of the resected thyroid glands, 
and two were of a similar type in glands that were classified as exophthal- 
mic goitre. In this connection it is interesting to recall the comparative 
frequency with which tuberculosis of the adrenals is found. 
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DIFFERENTIAL DIAGNOSIS 


Such symptoms as weakness, loss of weight, sweating, tachycardia, 
gastrointestinal and vasomotor disturbances are common to both tuber- 
culosis and goitre, but a closer analysis of these symptoms is helpful in 
differentiating the two conditions. Confusion is more apt to arise in 
the milder grades of hyperthyroidism than with well-developed goitre. 
The asthenia in tuberculosis is general, but in goitre the muscular 
asthenia is most marked in the quadriceps group. The appetite in 
tuberculosis may be impaired very little, especially in the beginning of 
the disease, while in goitre it may be erratic or ravenous. Other atypical 
digestive symptoms occur, and in exophthalmic goitre there may be 
actual gastrointestinal crises. Fever is very likely to be observed in 
tuberculosis, even though it be of low grade, and this is particularly 
likely to be the case after exercise. It is not a prominent symptom of 
goitre, and occurs in exophthalmic goitre only during a crisis. The pulse 
is rapid in both conditions, but in tuberculosis it is likely to be reduced 
by rest, while this is not the casein goitre. A pulse-rate of 120, occurring 
in a patient at rest and without fever, makes it necessary to rule out 
hyperthyroidism, although such a state of affairs may occasionally be 
seen in tuberculosis. Generally speaking, the blood-pressure is low in 
tuberculosis, and more or less elevated in goitre. In toxic adenoma there 
are hypertension and a disproportionately high diastolic pressure, while in 
exophthalmic goitre the pulse-pressure is high, a low diastolic pressure 
being an important diagnostic point. 

The estimation of the basal-metabolic rate is a very important diag- 
nostic help. Safarik (7) and I have shown that the basal-metabolic 
rate is normal in pulmonary tuberculosis if the estimations are made 
under basal conditions. According to Jackson (8) the average basal- 
metabolic rate in toxic adenoma is plus 38 per cent and in exophthalmic 
goitre plus 54 per cent. The onset in both tuberculosis and toxic ade- 
noma is gradual and at times insidious, while in exophthalmic goitre it is 
usually acute. All of our other means of diagnosis, physical examination, 
roentgen rays and laboratory procedures, should be utilized to the fullest 
extent, and we must be on the lookout for atypical nervous diseases, 
both organic and functional. I have recently seen a case of multiple 
sclerosis which had been considered as tuberculosis for a number of 
years. Fremont-Smith (9) says, that of organic nervous diseases multi- 
ple sclerosis is the one most frequently mistaken for neurosis, and may 
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for long periods of time give no characteristic symptoms or signs. It is 
a disease of the young and is more common in females (Osler). Emo- 
tional instability is a frequent finding and remissions are characteristic. 
It is easy to see how readily this condition could be confused either with 
tuberculosis in its incipiency or with hyperthyroidism. 


ADMINISTRATION OF IODINE 


The marvelous effect on the symptoms of exophthalmic goitre by the 
administration of Lugol’s solution, first pointed out by Dr. Plummer of 
the Mayo Clinic, is now so well established that it hardly needs to be 
commented upon in this connection. But the question arises, what 
would be the effect if the patient were also tuberculous? Given in the 
usual dosages and for a short period of time there would probably be no 
deleterious effect. Iodine has been extolled by some for the treatment of 
tuberculosis and condemned by others. Ritter (10) of Chicago has seen 
good results by giving tincture of iodine in milk, 10 to 20 drops three or 
four times daily, for two or three months and then discontinuing for a 
month or so and repeating this course. Mariette and Burke (11) con- 
clude that tincture of iodine used in intensive doses is of no value in the 
treatment of tuberculosis in any form and may be of definite harm be- 
cause iodine circulates as an iodide. The Journal of the American Medi- 
cal Association, commenting editorially, says, 


Clinical observation on the other hand, indicates an effect of iodine on tuber- 
culous tissue. Opinion is divided as to whether this is favorable or unfavor- 
able. Undoubtedly much depends on the dosage employed, a fact that is 
probably responsible for the divergent opinions on the matter. More work 
is needed to reconcile clinical and experimental observations. 


The value of iodine in definite amounts as a prophylactic agent and 
in the treatment of early colloid goitre is generally accepted. Jackson 
(12) warns against the injudicious use of iodine in adenomatous goitre 
on account of the production of a condition which he calls iodine hyper- 
thyroidism. Others use Lugol’s solution as a preoperative medication 
in toxic adenoma just the same as in exophthalmic goitre. While iodine 
hyperthyroidism is not so very commonly recognized at this time it 
seems to be becoming more prevalent. Iodine should be administered 
for a long period of time after thyroidectomy. The foregoing statements 
emphasize the importance of using great care and discrimination in 
administering this drug in either goitre or tuberculosis. 
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THE SURGICAL MANAGEMENT OF THE TUBERCULOSIS 
PATIENT WITH EXOPHTHALMIC GOITRE! 


J. E. STRUTHERS 


The cause of exophthalmic goitre is not known, but in all probability 
it is not thyrogenic. The pathological picture consistently reveals a 
diffuse, parenchymatous hypertrophy and hyperplasia in the thyroid 
gland, and successful resection of this gland is invariably followed by 
remission of the symptoms. In March, 1922, Plummer instituted the 
administration of Liquor iodi compositus (Lugol’s solution) to patients 
with exophthalmic goitre under preparation for surgical treatment. Its 
employment more than fulfilled all reasonable hopes, for in from seven to 
twelve days an artificial remission of all, or practically all, symptoms re- 
sulted. The benefit from the iodine is not confined to the reduction of the 
activity of the gland alone, for the surgical procedure is also made 
easier by it. 

Generally speaking, we can consider all cases of exophthalmic goitre 
with pulmonary tuberculosis as surgical, except those in which the extent 
of the tuberculous lesion is so great that hope of arrest or recovery is out 
of the question, even though a successful operation were to remove the 
load of marked hyperthyroidism. 

Given a case of tuberculosis with an exophthalmic goitre in which sur- 
gery has been decided upon and accepted, the treatment of this patient 
can be arranged in three stages: namely, the preoperative, the operative, 
and the postoperative stages. 


The Preoperative Stage: The routine treatment of the tuberculosis need 
be interfered with but very little, for we are dealing with two diseases, 
both with marked toxaemia, and we hope to cure one, exophthalmic goitre, 
to allow our patient the more successfully to combat the other, tubercu- 
losis. Except as to the fundamental principles involved, there can be no 
standardization of the preoperative preparation of these patients; 
the method must be adapted to the individual patient. Obviously, the 
more toxic the patient’s condition, the greater the care and time needed 


1 Read at a meeting of the Denver Sanatorium Association, Denver, Colorado, May 22, 
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for preparation. Three measures are essential for all patients: namely, 
iodine, rest, and a high caloric diet. A little more care is necessary in 
using iodine with these patients, for it may upset the digestive system. 
If we accept the old teaching, that it causes harm in tuberculosis, I will 
still advise its use because of the ultimate good end-results to be accom- 
plished by surgery, with the removal of this great load from our already 
handicapped patient. Ifa gastrointestinal upset should occur, iodine can 
be administered in saline solution by bowel in divided doses if desired, or 
in the soluble form hypodermatically. I prefer the former method. 
When nervous irritability, mental alertness, emotional changes, etc., 
are quite marked, a sedative is desirable. I find that the elixir of luminal, 
luminal, amytal, and other members of this group accomplish all that can 
be desired. Very often the only sedative required is the constant use of 
the ice-bag to these rapid goitre hearts. During this stage and the 
third stage, the fluid intake must be kept up, and this is usually not diffi- 
cult because of the increased metabolism. The internist may be agree- 
ably surprised to find that at the end of a week the nervous symptoms 
have practically subsided, the heart quieted down, the blood-pressure 
lowered and, what is most important, that the patient, who previously 
on a 5,000 or 6,000 caloric diet persistently lost weight, now shows a gain 
ofapoundortwo. This signifies that a transient remission or temporary 
control of the hyperthyroidism is being established. 

There can be no rules to regulate the time for operation; experience 
must dictate. However, certain considerations are fundamental. For 
patients classified as bad risks, preparatory measures should be con- 
tinued as long as there is definite improvement. These unfortunate 
patients have two hazards as a result of surgery: if acutely toxic, a post- 
operative crisis; or, if greatly debilitated, the development of further 
pulmonary infection. The disappearance or marked diminution of the 
characteristic symptoms of exophthalmic goitre (nervousness, mental 
depression or stimulation, hypertension, drop in pulse-rate, the “stare,” 
etc.) is a fairly reliable index there will be no serious postoperative thyroid 
crisis, provided, of course, there are no technical complications (injury 
to the recurrent laryngeal nerve, haemorrhage, injury to trachea, or, 
last but not least in these particular patients, too long an operation). 
It is these technical complications that produce our second hazard, 
fortunately, in the hands of a thyroid surgeon, now seldom encountered. 
These particular patients, more than any other, should impress the in- 
ternist that the occasional operator should not do thyroid surgery. 
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The night before operation give the patient a real night’s rest. Allonal 
in divided doses, one tablet every hour for two or three doses, as re- 
quired, will usually give a night of rest with no morning “hangover.” 
One hour before operation Lugol’s solution is given in normal saline 
solution by bowel, and, forty-five minutes before, a hypodermic injection 
of morphine sulphate, scapolamine and atropine. This latter treatment 
may be the first indication given our patient that he is to be operated on, 
and for very sick patients this is desirable. In some of these patients it 
is preferable to operate right in bed, using gas anaesthesia, and so 
prevent the slight shock of going to the operating room. An anaesthetic 
is necessary because the patient has been informed that he is going to 
receive another breathing-test. 


The Operative Procedure: To the success of the surgical treatment of 
goitrein general, and especially as applicable in these tuberculosis patients, 
there are three points which I consider of importance. First, during the 
whole stage of preparation, gain the confidence of your patient; explain 
the whole procedure and why it is being done; permit some of your enthusi- 
astic patients, who have already undergone operation, to talk with this 
patient. A prospective patient sometimes is more prone to believe 
some one who has been through the operation, especially as he may hold 
certain doubts as to the painless surgery promised. The second point is 
the anaesthesia. Local anaesthesia is preferable. Ifa general anaesthe- 
tic should be necessary, a skilled anaesthetist is an absolute requisite,— 
one who can with ethylene or nitrous oxide carry the patient through a 
stage of analgesia. Here combine your local anaesthetic with one of the 
above, and the stage of analgesia is usually easily maintained. The 
third point refers to technical complications, of which the most frequent 
are injury to the recurrent laryngeal nerve and postoperative haemor- 
rhage. The occurrence of either may result in death; but any of the 
technical complications will prolong the operation, which is bad in any of 
these cases. Even though my wounds are dry, I routinely give these 
particular patients thromboplastin after operation for a slight second- 
ary ooze may be sufficient to decide between life and death. 


Postoperative Stage: The early postoperative care should, for the most 
part, be symptomatic. Upon being returned to the room, the patient 
is placed in the Fowler or semi-Fowler position, or any position in 
which he is comfortable. He can, and is encouraged to move his head. 
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Proctoclysis, 3,000 cc. saline or tap water, and all the fluids desired by 
mouth are administered. The patients are encouraged to drink, and are 
given an ice-cap to both head and heart, if well tolerated, as well as codeine 
sulphate, grain 1/2 or 1/1 hypodermatically, and, if necessary, morphine 
sulphate, grain 1/8 or 1/6, as often as every four hours if required for 
restlessness. These active tuberculosis patients do not tolerate inhala- 
tions at all. Hot wet dressings to the neck, changed frequently, give 
marked relief to any tracheitis they may have during the first twenty-four 
hours. In the first pint of proctoclysis I usually give Lugol’s solution, 
dram 1/2 to 1/1, as deemed advisable, and, if necessary, repeat this daily 
for two or three days. Routinely, Lugol’s solution is administered post- 
operatively to exophthalmic-goitre patients, the dose depending on the 
surgical risk, over a period of two or three months. This postoperative 
administration is in addition to the preoperative administration; it is not 
a substitute. If these tuberculosis patients tolerate it without gastro- 
intestinal flare-ups, they should receive it for some time. After thirty-six 
to forty-eight hours, the internist can again resume his routine treatment 
of the patient, which in no way interferes with the surgical management. 
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SOME PHYSIOLOGICAL EFFECTS OF CLIMATE 
APPLICABLE IN THE TREATMENT OF 
TUBERCULOSIS::? 


A. R. MASTEN 


Since the dawn of medical history climate has been advocated as a 
method of treating disease, especially tuberculosis. Hippocrates stated 
that attention to climate is necessary for anyone who wishes to practise 
medicine properly. In fact, the Greeks recognized climate as being of 
great value in treatment, and always established their medical shrines 
at what were recognized as exceptionally healthy places, and we may 
believe that many cures which resulted were due essentially to climatic 
factors. After the Greeks, climate was largely lost to view as being of 
any particular value in medicine until the time of Celsus and Galen, 
when it was mentioned occasionally, but even with them was apparently 
regarded as of minor importance. Sydenham (1660), following his favor- 
ite model, Hippocrates, was a strong advocate of fresh air and exercise, 
especially horseback riding for the control of phthsis, but he seemed to 
think that the exercise was of more benefit than the fresh air, and it there- 
fore cannot be said that he added anything of importance to the knowl- 
edge of climate. In the nineteenth century, with the extension of facili- 
ties for travel and the consequent rapid growth of medical geography, 
climate again assumed an important place in the thought and discussion 
of medical men. In England, especially, sea voyages became quite the 
vogue for many years, but have since gradually dropped out of the litera- 
ture. High altitude was next emphasized, particularly by Williams 
(1898) in England, largely from the reports of the Engadine in Switzer- 
land, and Archibald Smith in Peru and Bolivia. 

About 1900 Flick came out very strongly for the home treatment of 
tuberculosis and set aside as unnecessary or worthless the prevalent ideas 


1 From the Lutheran Sanatorium, Wheat Ridge, Colorado. 
2 Read at a meeting of the Denver Sanatorium Association, Denver, Colorado April 
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about the advantages of climate. This propaganda against climatic 
benefits has grown increasingly stronger, until to-day a great many 
physicians believe that climate, per se, has no place in the treatment 
of tuberculosis. However, in spite of these teachings there is still a 
considerable body of sentiment in favor of climate, provided the other 
essential factors can be supplied; and in view of this fact I have attempted 
to outline some of the physiological effects of climate which would seem to 
have some bearing upon the treatment of tuberculosis. 

The main climatological factors which may be assumed to produce 
definite physiological effects influencing the progress of tuberculosis 
may be divided into the meteorological and the topographical, the most 
important of which are as follows: 

Meteorological Topographical 
Temperature Latitude 
Wind or air movement Altitude 
Rainfall and humidity Soil 
Sunlight Vegetation 


Atmospheric purity Exposure or shelter 
Variability Aspect 


A rise in atmospheric temperature stimulates the depressor fibres of 
the vasomotor nerves and causes a dilatation of the arterioles, with a 
consequent dilatation and flushing of the skin and a fall in the arterial 
blood-pressure. If, however, the heat is extreme, a rise in blood-pres- 
sure results, possibly through the circulatory rate being disproportion- 
ately raised in an attempt to keep the body cool (1). Howell estimates 
that, if there should be a complete loss of the normal tonic influence of 
the vasomotor system, the blood-pressure would fall to 20 or 30 mgm. 
Hg, a pressure insufficient to maintain life (2). Cold, on the other hand, 
stimulates the pressor fibres and constricts the arterioles, blanching the 
skin and increasing the flow of blood to the internal organs, so that the 
arterial blood-pressure is raised. If, however, the exposure to cold is 
severe and ultimately results in a fall of body temperature, the blood- - 
pressure falls, owing to the slowing effect of the low temperature on the 
heart, causing a great decrease in the circulatory rate and possibly also 
through depression of the vasomotor centre, or through a paralysis of 
the peripheral mechanism (1). 

Exposure to heat in the majority of normal subjects causes increased 
swelling, moisture and redness in the nasal mucous membrane, and the 
effects are more marked if the humidity of the air is high. These effects 
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are said to be one of the primary causes of colds in the head and various 
forms of rhinitis (3), (4), (5). If this is so, they are, of course, detri- 
mental to the cure of tuberculosis. Cold, conversely, causes a diminu- 
tion in swelling, moisture and redness, and increases the resistance of 
the mucous membrane to bacterial infection. 

Under normal conditions, the effect of temperature on the body is 
dependent to a large degree upon the humidity present. It has been 
found by the New York State Ventilation Commission, after extensive 
study, that a temperature of 86°F., combined with a relative humidity 
of 80 per cent, exerts an unfavorable effect on normal subjects by increas- 
ing the temperature and pulse-rate, diminishing the vasomotor tone, 
relaxing the mucous membrane of the upper respiratory tract and dimin- 
ishing working efficiency, while a temperature of 68°F. and a humidity 
of 30 to 40 per cent provide the optimum conditions for comfort and 
health (6). 

Wind or air-movement is one of the most influential meteorological 
conditions in respect to physiological effects upon the human body. In 
hot and especially moist air it relieves bodily depression by aiding in 
heat elimination, while in cold air it increases the demand for heat pro- 
duction, and, if the air is moist as well as cold, it creates great discomfort. 
The depression which occurs in a close, warm atmosphere has been found 
to be due primarily to the physical features of excessive heat and exces- 
sive humidity interfering with the proper action of the skin in regulating 
the body temperature and not, as was formerly believed, to what was 
called “‘vitiated air,”’ resulting from lack of oxygen, increased carbon- 
dioxide and the presence of organic poisons eliminated during respira- 
tion (7). It is in fact due to body air stagnation, there being a sort of 
capsule of hot moist air formed around the body (this is much denser if 
clothes are worn), which prevents the elimination of heat, so that, if the 
air is cooled or put in motion, the body temperature will be lowered and 
the individual will feel normal again (8). From such studies it has been 
found that the amount of cubic space necessary to each individual will 
vary according to the rate of renewal or movement of the air, so that the 
old estimate of 30 cubic feet per minute for each person may be reduced 
with safety to as little as 15 cubic feet, provided the movement of the air 
is adequate (9). 

Thus it is seen that personal well-being is determined to a large extent 
upon the three physical factors of temperature, humidity, and air-move- 
ment, and that personal comfort may be maintained by varying any one 
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of these factors. However, there must be a certain ratio between them, 
for although an extreme of one can be somewhat regulated by varying 
the other two, the effects are not altogether the same. For instance, 
air at a temperature which induces copious perspiration, say at 95°F., 
may be set in motion so that its actual cooling power, as measured by 
total heat-absorption from the body, is the same as that of more quiet 
air at 68°, but the feeling of comfort, although marked, is not at all the 
same as in the cooler conditions, since the cooling is by a different physio- 
logical process (evaporation rather than radiation and conduction) 
(10). Thus the best climate is one in which these three factors are 
changed in about the same ratio and still within limits which will maintain 
body temperature within its normal range of physiological comfort and 
well-being. This would seem to be particularly applicable in tubercu- 
losis, in which the heat-regulating mechanisms of the body are taxed 
to their utmost for long periods of time, and it is recognized that the pa- 
tient should be out in the open air continually, if possible, and when, of 
course, it is not possible to regulate these conditions by artificial means 
(11). 

Sunshine is perhaps one of the most important climatic features in 
relation to tuberculosis. This is of benefit, not only from its organic 
effects but also for its mental effect upon the patient. Rollier (12) 
states that the close relationship between sunshine and happiness is so 
obvious that it requires no emphasis. Anyone who has seen the splendor 
of a typical winter’s day in the Alps, with its brilliant sunshine and still 
cold air, will realize what a stimulating effect it has. The psychical 
counterpart of this environment is a condition of hope and confidence, 
which undoubtedly influences the evolution of tuberculosis favorably, 
and the ultimate issue of a case is to a large extent dependent on the men- 
tal condition of the patient, for the struggle with this disease is bound to 
be a long one and the patient’s courage and endurance are constantly 
called into play. 

Besides its action on the psyche, sunshine has many definite physio- 
logical actions. The exposure to direct sunlight readily effects the de- 
struction of tubercle bacilli, especially in the presence of abundant oxy- 
gen (13). Obviously, this has an important action in keeping the air 
and soil free from tubercle bacilli in those climates where the sunlight is 
not obstructed by clouds, moisture, smoke, etc. The ultraviolet rays 
are also said to have a bactericidal effect to a depth of 1.5 mm. in the 
human skin and to have a weakening effect on bacteria to the depth of 


| 
| 
f 
| 
| 
| 
ne 
inf 


PHYSIOLOGICAL EFFECTS OF CLIMATE 265 


4mm. (14). The human body shows marked effects when placed under 
sunlight. There is an increase in metabolism, as shown by a marked 
improvement in general nutrition and increased musculature. Animal 
experiments indicate that sunlight enhances the bactericidal powers of 
the blood, probably by improving the functions of the leucocytes, which 
are not only increased in numbers but show increased powers of phago- 
cytosis (15). Thereis also a definite increase in red cells and haemoglobin 
(14) (15). 

Rollier maintains that the tonic power of the sun strengthens the skin 
and improves the musculature better than would the best massage; also, 
that the effects are manifest on the thoracic and abdominal organs, so 
that internal secretions are accentuated, digestion becomes regular, 
weight increases, and strength is renewed (15). The effect of sunlight 
on calcium metabolism has been demonstrated by many experiments on 
rickets, for sunlight has been shown to be the great enemy of rickets as 
well as tuberculosis. That rickets can be prevented and cured by sun- 
light has been proved by many recent experiments (16). Last winter Dr. 
Lewis, at the Medical School of the University of Colorado, performed 
some interesting experiments demonstrating the effects of sunlight here, 
at Denver, upon the calcium metabolism of rats. His rats were placed 
on a rickets-producing diet, and then given various amounts of sunlight, 
to determine just how much was required to prevent rickets. It was 
found that the amount of rickets diminished proportionately with the 
amount of sunshine given, and that 15 minutes of insolation daily 
prevented rickets entirely. The results were checked by X-rays of the 
living rats and by analysis of the bones of dead rats from each series, 
both of which showed similar results. Rats without sun showed a bone- 
ash of only 18.06 per cent, while rats with 11 minutes of sunlight showed 
41.64 per cent ash, a definite increase. This experiment also demon- 
strated that the effect of sunlight on calcium metabolism here in Denver 
was practically the same in winter as in summer, it taking about fifteen 
minutes to prevent rickets at any time of year. This was quite different 
from the results obtained from similar experiments in Toronto, where it 
was found that in winter it required about two hours of sun-treatment to 
obtain the same effect as fifteen minutes’ treatment in summer; that is, 
the antirachitic effect of summer sunshine is approximately eight times 
as great as that in winter (17). This difference, Dr. Lewis pointed out, 
was undoubtedly due to the difference in latitude and altitude between 
Denver and Toronto, for the ultraviolet rays are filtered out by the atmos- 
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phere and it has been found that practically all antirachitic properties 
(which are due solely to the ultraviolet rays) are removed if the sunshine 
strikes the earth at an angle of less than 35 degrees (18). 

The experimenters in Toronto found that their rats which received sun- 
light were much more resistant to any specific infection than were the 
controls. Also, it was shown that the exposed rats had an increased 
acidity of the intestinal tract. This fact shows how sunlight definitely 
aids digestion, particularly in tuberculosis, a condition in which there is 
usually a deficiency of acid in the stomach (19). 

From the foregoing facts it is quite evident that a climate which has a 
maximum amount of sunshine and is at an altitude and latitude to give 
sunshine from an angle of more than 35° would be extremely beneficial 
in the treatment of tuberculosis, especially when heliotherapy is required. 
Of course, the marked effects cited refer to the action of direct sunlight 
on the body, but to a lesser extent the same effects are obtained on pa- 
tients, clothed or in bed, who are in free access to the sun-saturated air, 
for it has been shown that even diffused daylight contains many photo- 
chemical rays and often air-baths without direct exposure to daylight 
produce all the stimulation necessary for cure (20) (21). 

The effects of rainfall, fog and cloudiness are to a considerable degree 
the converse of sunshine, although rain and snow are said to have some- 
what the same action in one respect,—in that they tend to purify the 
atmosphere. If periodic and not excessive, storms with precipitation 
probably are beneficial in enhancing the variability of the climate. 
When excessive or prolonged, however, the consequent deprivation of 
sunshine is detrimental and in warm climates the resulting humidity 
accentuates the bad effects of the heat (22). 

Variability has been shown by Huntington (23) to be of the utmost 
importance to health and growth. He concludes that the best climate is 
one with a temperature ranging from 60° to 65°F. for physical work, and 
considerably lower, even to 38°F., with a humidity of about 50 per cent, 
for highest mental efficiency but especially one in which there are fre- 
quent changes in temperature, both diurnal and seasonal, and in which 
periodic storms occur, with consequent radical changes in temperature, 
humidity, barometric pressure, air-currents, and electrical conditions. 
He traces a parallel between the changes of climate and the development 
of civilization, emphasizing the deadening effect of either persistent cold 
or heat and the stimulating effect of the temperate zones, in which the 
temperature range is not extreme and where there are frequent changes 
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found. Many observers have reached similar conclusions for the sick, 
as for the well, especially in certain chronic diseases, like tuberculosis, from 
which it would appear that a certain amount of change is restful, both 
physically and mentally (24). . 

Altitude is one of the most disputed topographical factors in regard to 
its effect on disease. Still, certain definite effects are noted from altitude. 
One of the first noted with increased altitude is an increase in the number 
of erythrocytes and the percentage of haemoglobin. Todd (25) gives the 
average red-cell count at Boulder, Colorado (altitude 5,400 ft.), as 
5,600,000 for healthy medical students. Viault, who investigated in Peru, 
found that in two weeks his red cells increased from 5,000,000 to 7,000,000 
and in another week to 8,000,000 and that the amount of iron in the blood 
rose in a ratio of 4 to 7 (26). It has been assumed that this effect of 
altitude is directly due to the lowered oxygen pressure and that the reac- 
tion is an instance of physiological adaptation. That diminished oxygen 
tension stimulates the blood-forming tissue of the marrow, has been 
demonstrated by laboratory experiments upon animals (27). After 
arrival at a higher altitude it takes several weeks for the full increase in 
red cells and haemoglobin to take place, but there is a moderate imme- 
diate increase, doubtless due to changed physical conditions, such, for 
example, as the emptying of the stagnant capillary-areas, or a concen- 
tration of blood-plasma, due to the passage of water from the blood into 
the tissues (27). 

Doubtless many of the contradictory statements regarding the effects 
of altitude on blood-pressure have been due to the fact that normal and 
abnormal subjects have been classed together. Thus among tuberculo- 
sis patients an elevation of 6,000 feet appears to increase the blood-pres- 
sure, which on the whole should have a distinctly beneficial effect for 
them; however, in normal subjects altitude has been shown to cause a 
slight fall in the arterial pressure (28). 

Another contributory effect of altitude is that at the higher altitudes 
there is much more sunshine, and the air is lighter and usually dryer, and 
in most instances contains fewer impurities than at lower levels, all of 
which are beneficial in the cure of tuberculosis (29). Of course, sunshine, 
dryness, and atmospheric purity are not always associated with altitude, 
as has been shown by several observers in the Swiss Alps, where there is 
a definite intermediate zone in which there are increased humidity, 
greater rainfall, damper soil, less sunshine, more mist and clouds, and 
more frequent storms than in belts either below or above. To this zone 
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Dr. Lombard of Geneva gave the name phthisis zone, because he found 
many more cases of tuberculosis here than on either side of it (30). 
Still, in the great majority of instances the former conditions hold true, 
and, although everyone knows that there is no one altitude for treating 
tuberculosis, a great many observers agree that in general an altitude of 
from 2,000 to 5,000 feet furnishes climatic qualities suitable to the ma- 
jority of tuberculosis patients (31) (32). As Shurly (33) says, ‘‘A cool, 
dry, high altitude with the greatest number of sunny days adds much 
to the percentage of recovery.” 

Latitude, per se, has not received much attention in its relation to 
disease, but it may prove quite important after it is studied more 
thoroughly, as is indicated by its relation to the amount of ultraviolet 
light in the sunshine, as shown above. . 

The aspect of the surroundings has a very definite effect upon the prog- 
ress of any chronic disease like tuberculosis. Mountains and hills not 
only give the characteristics of elevation, but also provide protection 
from wind and storms, and give variety to the appearance of the land- 
scape. A flat country in general is the worst, since it soon becomes mo- 
notonous. The psychic effect of natural beauty of any locality is a very 
real thing (34). Trees and forests also add variety and beauty and 
offer protection from the wind. ‘The old idea of the beneficial effect of 
forests, especially pine and balsam, because of the ozone present in the 
air, is now considered as only a medical myth (35). 

The nature of the soil has at times been thought to have considerable 
effect on tuberculosis, but at the present time these effects are largely 
attributed to other climatic factors. Desert sands, however, intensify 
the sunlight and also heat by reflection. They also permit the occur- 
rence of dust and sandstorms which, when frequent, are thought to be 
detrimental. However, the sunshine and dryness, in spite of the warmth 
and usually monotonous outlook often prove helpful in laryngeal cases. 

From the foregoing discussion it is quite evident that climate produces 
many definite physiological effects, which must act upon the case of 
tuberculosis with either detrimental or beneficial results. Practically 
’ all writers on this subject bring out the fact there is no one climate for 
tuberculosis and the different classes of cases require different kinds of 
climates; for instance, laryngeal cases and some with marked catarrhal 
secretions do better in a dry desert climate, while an equable mild cli- 
mate at low altitude would be preferable for old debilitated cases, or 
those with little or no resistance or with bad hearts and marked dyspnoea. 
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However, with these bad cases it seems quite probable that there would 
be poor results in any climate or under any conditions, particularly if 
their tuberculosis was at all active. For the large majority of cases, 
therefore, it would appear that the best climate would combine, with 
various climatic factors, some factors as follows: A temperature ranging 
from 38° to 68°F. with a humidity of not over 50 per cent and constant 
moderate air-movement. A maximum of sunshine from an angle of 
more than 35° with moderate variability, an air free from smoke and other 
impurities, at an altitude of from 2,000 to 5,000 feet and with a sufficient 
amount of natural beauty to prevent monotony. If we could combine 
these factors or a great many of them in one climate, and with this give 
the usual medical care and supervision in regard to rest, exercise, proper 
food, fresh air, etc., we would undoubtedly have much better results 
than with the same regimen conducted in a climate having the reverse 
conditions. 
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TUBERCULOSIS AND MALIGNANT NEOPLASIA 


A Report of 7 Cases 
LEO V. SCHNEIDER! 


The old conception, which prevailed for many years, that tuberculosis 
and malignant neoplasia could not possibly coexist in the same organism 
has at present very few adherents in the medical profession. 

Carefully selected cases, in which the two diseases have coexisted, were 
reported in the medical literature of this country and in Europe, though 
it is agreed, at the same time, that cases of active progressive tuberculosis 
associated with any form of malignant tumor are very uncommon. 

Duvergey and Jeanneney reported 16 cases in which cancer and tuber- 
culosis coexisted. Villar found tuberculous axillary nodes with a can- 
cerous breast. Dubreuilh had a case of epithelioma on the back of the 
hand with tuberculous lymph adenitis. It is not unusual that an epi- 
thelioma develops in the margin of a patch of lupus, and this phenomenon 
could be rather easily explained by admitting that a malignant growth 
has a predilection to develop in any ulcer. 

Broders, in his report of 20 cases of tuberculosis associated with 
malignant neoplasia, concludes that “the antagonism between tubercu- 
losis and malignant neoplasia has not been borne out by the facts.” He 
logically refers to the observation of Naegeli, in which the latter showed 
that, in 93 per cent of 420 necropsies on adults more than 18 years of age, 
either active, latent or healed tuberculosis had been present, and there- 
fore it is reasonable to believe that similar findings should prevail in an 
equal number of persons who have died from malignant tumor. Roki- 
tansky in his early works on tuberculosis thought that tuberculosis and 
cancer were incompatible diseases, but later admitted that cancer follows 
tuberculosis, but tuberculosis does not follow cancer. 

Experimental work on animals, done by Taylor and Murphy in this 
country and Centanni and Rezzesi in Italy in connection with the co- 
existence of cancer and tuberculosis, brought out the interesting fact that 
mice, previously inoculated with a transplantable mouse carcinoma, 
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showed a somewhat greater resistance to bovine tuberculosis than did 
the controls. The resistance to tuberculosis was entirely gone after the 
mice were exposed to repeated small doses of X-ray. Centanni and 
Rezzesi could not produce any tumors by mixed injections of cancer cells 
and living tubercle bacilli. Previous injections of tubercle bacilli 
delayed the development of tumor. When the tubercle bacilli were 
injected into the tumor, the tumor was partially destroyed, but some of 
the animals died from toxic symptoms. Tuberculin mixed with tumor- 
emulsion retarded the growth. In connection with this it is interesting 
to mention the observation made by M. Renaud on 50 patients in various 
stages of cancer, whom he subjected to skin tests with tuberculin. The 
reaction was positive in 72 per cent (mostly early cases) while in 18 
patients with marked cachexia reaction was practically negative. 

The following seven cases were recorded in the Maryland Tuberculosis 
Sanatorium from December, 1922, to January, 1929,—out of 4,465 
patients admitted to the Sanatorium during the above period: 


Case 1: Female, 32 years, housewife, admitted December, 1922. Pulmonary 
tuberculosis, far advanced. Has lost 36 pounds within 6 months. Previous 
to admission was operated on for “pelvic trouble.” Uterus removed, with 
histological diagnosis of cancer of endometrium. Sputum positive for tubercle 
bacilli. 


Case 2: Male, 50, clerk. Was a patient in Sanatorium in 1916; second admis- 
sion February, 1923. Pulmonary tuberculosis, moderately advanced. Main 
complaints this time are nausea, vomiting, loss of weight and strength. Ab- 
dominal examination revealed large mass in epigastric region; mass hard and 
nodular. An exploratory laparatomy done, and diagnosis made of inoperable 
carcinoma of pyloric end of the stomach, with involvement of the liver, gastric 
lymph nodes and those around coeliac axis. Only two sputum examinations 
made; tubercle bacilli could not be demonstrated. 


Case 3: Male, 52, farmer, admitted April, 1925. Pulmonary tuberculosis, far 
advanced. Gave history of swallowing a fishbone 9 months before admission, 
when it lodged in right side of his throat. Patient tried to get it out, but 
thought a piece of it remained and started an inflammation. This was opened 
several times, and drained pus with blood. Patient felt lump in his throat 5 
months before admission, and started to have difficulty in swallowing. Has 
been taking only liquids for 4 weeks. Lost 26 pounds. Examination of the 
larynx by indirect method showed a lump occupying upper part,—centre and 
toward right side of larynx,—the size of chestnut. The mass was indurated, 
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and edges inflamed, and centre ulcerated. Diagnosis made of malignant 
growth of larynx. Patient left Sanatorium within 5 days. His sputum was 
positive for tubercle bacilli previous to admission. During stay in Sanatorium 
tubercle bacilli could not be demonstrated. 


Case 4: Male, 42, chauffeur, admitted September, 1927. Pulmonary tuber- 
culosis, moderately advanced (unilateral, right side) with pleurisy at right 
base. Main complaints were haemoptysis, night-sweats, chills, fever, moder- 
ate cough with expectoration, pleuritic pain over right base and shortness of 
breath. Patient died November 28, 1927. Autopsy performed, and following 
gross pathological diagnosis made: Primary carcinoma of lung, with extension 
to mediastinum, and metastases to the liver and pleural cavity; chronic 
fibrosis of right lung; splenic tumor; adrenal tumor; emaciation. | Tubercle 
bacilli could not be demonstrated in the sputum. 


Case 5: Female, 62 housewife. Admitted February, 1928. Pulmonary 
tuberculosis, moderately advanced. Main complaints were persistent vomit- 
ing, pain in epigastric region, severe cough with expectoration, and night- 
sweats. Lost 33 pounds within6 months. Abdominal examination revealed 
mass the size of a double-fist, located to left of epigastrium; mass hard and 
irregular. Diagnosis: Carcinoma of stomach, confirmed by X-ray examina- 
tion. Sputum positive for tubercle bacilli previous to admission. 


Case 6: Male, 46, chauffeur, admitted September, 1928. Pulmonary tuber- 
culosis, moderately advanced. Complained of slight dry cough, tired feeling, 
and loss of weight. Lost 463 pounds within 7 months. Patient, after being 
kept in Sanatorium for 8 days, was advised to go to a general hospital, as his 
extremely poor condition apparently was not due entirely to the pulmonary 
condition. He died October 3, 1928, from carcinoma of the liver. Upon 
admission to the general hospital he was extremely dyspnoeic and his abdomen 
was distended by fluid. X-ray of chest taken at that time showed a diffuse 
bronchial thickening, with increase in hilum shadow, especially on left side. 
Slight fibroid changes running into left upper lobe. No sputum could be 
obtained from the patient for laboratory examination. 


Case 7: Male, 52, tailor. Was in Sanatorium from February, 1927 to July, 
1928, during first admission, and from October, 1928, to December, 1928, on 
second admission. Far advanced pulmonary and laryngeal tuberculosis. On 
second admission gave history of cough with expectoration, hoarseness, and 
loss of weight. Lost 22 pounds within 3 months. On physical examination a 
rapidly growing papilloma on the back was noted. This was excised with a 
wide margin, the dissection being carried down to the latissimus dorsi muscle. 
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Upon section of the tumor a diagnosis of a melanotic sarcoma was made. 
Sputum was positive for tubercle bacilli on both admissions. 


As far as the examination of sputum is concerned, cases are common in 
which, after negative reports, if the examinations are repeated often 
enough, tubercle bacilli finally appear, though for some reason it is rather 
difficult to demonstrate them in the sputum of patients suffering from 
both tuberculosis and malignant growth. On the other hand, the absence 
of sputum in tuberculosis is only a transient phase, which at any moment 
may take an unfavorable turn. 


SUMMARY 


1. Pulmonary tuberculosis and malignant neoplasia may coexist in 
the same organism. 

2. Active, progressive tuberculosis associated with any form of malig- 
nant tumor is rather uncommon. 

3. It is somewhat difficult to demonstrate tubercle bacilli in the sputum 
of patients suffering from both tuberculosis and malignant growth. 


Sputum should be examined often enough and for a certain length of time. 
4. The coexistence of pulmonary tuberculosis and malignant neoplasia 
is extremely rare before the age of 35. 


REFERENCES 


(1) DuvERGEY AND JEANNENEY: Jour. Méd. Bordeaux, 1921, xvii, 1921, 19. 
(2) DuBrEvuitH: Med. Rec., (Editorial Note), 1922, ci, 245. 

(3) Bropers: J. Am. M. Ass., 1919, Ixxii, 390. 

(4) TAYLOR AND Murpny: J. Lab. & Clin. Med., (Editorial), 1917, xiii, 195. 
(5) CETANNI AND REzzEst: Riforma Med. 1926, xlii, 195. 

(6) RENavp: Bull. e. Mém. Soc. Méd. d. Hép. d. Par., 1926, 1, 1441. 

(7) Damerow: Colorado Med., 1917, xxiv, 250. 

(8) DERiscHANorFF: Ztschr. Krebsforsch., Berlin, 1928, xxvi, 275. 


A NEW ANALYSIS OF THE VALUE AND SAFETY OF 
PROTECTIVE IMMUNIZATION WITH BCG 
(BACILLUS CALMETTE-GUERIN) 


S. A. PETROFF! 


Few topics in tuberculosis have assumed so much importance as the 
present discussion on the value and safety of Professor Calmette’s pro- 
phylactic immunization method against tuberculosis. The literature on 
BCG vaccination has accumulated to an extent that renders its reviewal 
almost impossible. Most of the reports have been from enthusiastic 
advocates, and confirm Calmette’s claims. We can confidently state, 
after a careful analysis of the facts, that there is little if any basis for 
such enthusiasm and that the statistical data are open to severe criticism 
and are, in many instances, unreliable and misleading. 

The gradual decline year after year in the mortality from tuberculosis 
in our country, as shown by trustworthy statibtics,. is the best index that 


the antituberculosis campaign, adopted some years ago, is sound and 
effective. Nevertheless, this decline in mortality has not influenced in- 
vestigators to discontinue their search for a method which can be safely 
and effectively used for vaccinating infants against tuberculosis. 


PREMISES ON WHICH CALMETTE’S METHOD OF VACCINATION ARE BASED 


The prevalence of tuberculous infection among children in the civilized 
world, as demonstrated by tuberculin skin tests, have been summarized 
by the author in a recent issue of the American Journal of Public Health 
(1). It was pointed out then that from 35 to 90 per cent of children 
reaching the age of puberty react to tuberculin, and that infants are born 
with no appreciable resistance to infection. If they were born in families 
in which tubercle bacilli are disseminated continuously, infection prob- 
ably took place in the majority of cases almost immediately after birth, 
and was more often due to close contact with a tuberculous mother. In 
a large number of instances such a contact led to progressive disease, 
terminating with meningitis and miliary tuberculosis. On the other 
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hand, if the infant came in contact with only a few microérganisms, and 
at infrequent intervals, it escaped serious consequences. 

Without doubt, under ordinary circumstances and not in tuberculous 
surroundings, children occasionally pick up a few microérganisms which 
find their way to lymph nodes, setting up small nonprogressive foci, 
which, according to many investigators, prevent the development of an 
acute progressive disease. Statistics show that the percentage of posi- 
tive tuberculin skin reactions increases with age, and conversely the 
mortality from tuberculosis diminishes as the child becomes older. It 
seems then, according to Calmette (2) that in human beings, as in ani- 
mals, an infection of mild nature is very desirable. The excessive infec- 
tions must be avoided and the intervals of periodic implantation well 
regulated. The microérganism used for producing mild infection should 
be of low virulence, and any vaccination must be carried out in infants 
that have not been infected, repeating it from time to time in order to 
supply the lymph nodes with living microérganisms. 

Calmette (3) is convinced that most of the infections in children take 
place by the digestive route, for the reason that the intestinal mucosa of 
the infant during the first ten days of life absorbs the microdérganism 
much more readily than at any other later period. If, according to this 
author, the infection takes place through the intestinal tract, then the 
same route must be used for vaccination. For this reason and also 
because of the method’s simplicity, nearly all of Calmette’s vaccinations 
have been carried on by feeding the microédrganism to newborn babies. 

Two factors enter into the discussion when a method of antitubercu- 
losis vaccination is based on the use of living microérganisms. These 
are: (1) Is the method dangerous? (2) Is it effective? 


THE VIRULENCE OF BCG 


The bacillus used for the vaccination was isolated by Calmette in 1908 
from acow. It was a bovine microérganism and at the time of isolation 
was virulent for guinea pigs, rabbits and cattle, but by prolonged cultiva- 
tion on glycerinated potato-bile media it has lost its original virulence, 
so that at present it is innocuous for guinea pigs and cattle. In an 
earlier publication Calmette claimed that no tuberculous changes were 
produced by it in guinea pigs. In a later publication he admits that 
tuberculous lesions can be set up, but he adds that in due time the lesions 
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heal completely. No matter what method of inoculation was used, pro- 
gressive tuberculosis was never produced by the living BCG bacillus. 

Calmette had considerable support as to the innocuousness of the 
microérganism. Remlinger and Bailly (4), Tzekhnovitzer (5), Kiihn (6), 
Okell and Parish (7), and many others have failed to produce progressive 
lesions and to carry them on through a series of animals. The lesions 
which were the result of inoculations had the remarkable tendency to 
heal. 

Contrary to these authors, a small group of investigators observed not 
only definite tuberculous changes in guinea pigs inoculated with BCG, 
but they were able to pass the disease from animal to animal and by 
such passage to increase its virulence. Among these may be mentioned 
Loewenstein (8), Galli-Valeria (9), Armengol (10), Watson (11), Chiari, 
Nobel and Sole (12), Korschun, Divijkow and Gorochownikowa (13), 
Petroff (14) and others. Rudolph Kraus (15) and Gerlach (16), in their 
early publications, reported positive tuberculosis in guinea pigs follow- 
ing the inoculation of BCG but more recently (17) they have reported 
that the microérganism is innocuous and its nonvirulence fixed. No 
reason is given for their change of opinion. 

We know of no one claiming that BCG has developed progressive 
tuberculosis in all guinea pigs inoculated. Reference has always been 
made to the fact that progressive tuberculosis occurred only occasionally 
when a large series of guinea pigs was inoculated. Watson (18) and 
Hutyra (19) probably have done the most careful experiments in testing 
the virulence of the microédrganism in guinea pigs. These authors had 
special quarters for their animals, in order to avoid any criticism of 
spontaneous or contact tuberculous infection. Even under such ideal 
conditions they observed progressive tuberculosis in many of their 
animals. 

Our own studies date from the beginning of 1925. Ina period of four 
years we have studied the virulence and other biological characteristics 
of four separate cultures of BCG. Every one of these cultures occasion- 
ally produced progressive tuberculosis in guinea pigs and the lesions 
could be transferred to healthy animals. 

Recently Korschun, Divijkow and Gorochowinkowa (13) have con- 
firmed our observations. These authors do not consider BCG a virus 
fixé, and they concluded that the testes of guinea pigs offer the best 
medium for increasing the virulence of the microérganism. 

The occasional occurrence of generalized tuberculosis in guinea pigs 
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inoculated with BCG was at first very puzzling. More than once at that 
time we considered the possibility of spontaneous tuberculosis or acci- 
dental contamination, but every precaution has been used to control 
such accidents. 

During the cultivation of BCG on fluid media, a difference in the char- 
acter of the growth appeared in some of the flasks. This suggested to us 
the possibility of variants occurring in BCG cultures,—variants that 
might be very similar to those observed by many authors studying other 
microérganisms; and it was thought that if BCG could be dissociated the 
event might at least suggest an explanation of some cases of progressive 
disease observed in animals after inoculation. 

After many trials covering a period of six months, we dissociated two 
distinct types of colonies. One, which predominated, was waxy, with 
small wrinkles, occasionally in uniform folds, extending from the centre 
to the periphery. The outline was clear-cut, rounded and raised, and did 
not extend into the medium. This type of colony was difficult to emul- 
sify in salt solution of pH 7.2, and later we found this to be the ‘‘R” 
colony. The second kind of colony, which we shall refer to as ‘‘S” 
colony, was slightly smaller, with irregular wrinkles and appearing very 
much “honey-combed.” ‘The periphery was veil-like and extended into 
the medium, and such colonies were very easily emulsified in salt solu- 
tion. (For details of the cultural studies the reader is referred to a recent 
paper by the author (22).) 

On Calmette’s glycerine-potato-bile medium, the “R” colony de- 
veloped very rapidly, while the “‘S” did not give any visible growth. The 
cultural characteristics of the two colonies on synthetic fluid media were 
not alike. The “R’’ at first developed in small islands, gradually increas- 
ing in size, and the growth could be easily lifted up and removed from 
the surface of the broth, while the “‘S” colony was veil-like and tenacious, 
and when an attempt was made to remove a small portion from the sur- 
face, the whole growth was carried along. The former grew best on acid 
media, while the latter developed best on alkaline media. 


VIRULENCE OF THE TWO COLONIES 


The “‘R” colony, when inoculatedinto guinea pigs, produced tubercles, 
but the tuberculous lesions had a tendency to heal. The “S” colony 
produced progressive tuberculosis. The virulence of the latter colonies, 
however, was not as high as that of the human or bovine microérganisms 
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which we have carried in our laboratory for many years. The nonviru- 
lent ‘‘R” colony, when cultivated on media containing anti-R serum, 
could revert to the “S” type, but six to ten passages on such media 
were necessary to accomplish this. Subcultures, made on plates after 
the sixth passage, revealed colonies identical with the “‘S.” We are 
inclined to believe that even normal rabbit serum added to a synthetic 
medium can accomplish this transmutation to some extent. 

Tzekhnovitzer (20) and R. Kraus (21) have failed to confirm our ob- 
servations on the differences in virulence after dissociation of BCG. 
These authors claim to have dissociated the two colonies, but the de- 
scriptions given by them in no way correspond to the characteristics of 
the colonies which we have described. We had no opportunity to 
examine Tzekhnovitzer’s plates, but we had occasion to examine some of 
Kraus’s cultures in the fall of 1928, when it was plain that what he calls 
the “‘S’ colony is not a true “‘S” but an intermediate‘R” colony. Further- 
more, the latter author used only a few plates in his attempt. We cannot 
too strongly emphasize the importance of the inoculation of at least 30 
plates with suspensions when dissociating the culture, for the reason that 
there are very few “S” microérganisms in the original BCG culture. 

One of the best and most rapid methods of dissociating BCG is to 
cultivate the original culture on synthetic fluid medium containing 10 
per cent antiserum. After six to eight cultural passages the “‘S” colony 
will develop very rapidly. The details of this technique can be found in 
a recent paper by Petroff, Branch and Steenken (22). 


IMMUNITY OF ANIMALS VACCINATED WITH BCG 


Calmette (3) and his co-workers claim that full-grown guinea pigs and 
rabbits, by intravenous inoculation, and very young rabbits, by feeding 
with BCG, can be partially immunized against virulent bovine tubercle 
bacilli. No absolute immunity in either case was demonstrated, the 
difference being that the vaccinated rabbits outlived the controls. 

Tzekhnovitzer (5), although a supporter of Calmette, concluded that 
BCG, given orally to young guinea pigs, does not establish any appreci- 
able immunity. The vaccinated animals live a little longer than the 
controls, but the extent of the disease in the two sets of animals was 
about equal. The same result was obtained with rabbits. King and 
Park (23) concluded that vaccination with BCG confers an appreciable 
immunity in guinea pigs. 
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Isabolinsky and Gitowitsch (24), after extensive studies, came to the 
conclusion that guinea pigs vaccinated with BCG could not be protected 
against a subsequent infection of virulent human tubercle bacilli. 

Our own results in guinea pigs confirm some of Calmette’s observa- 
tions. The experiments are not yet completed, but up to the present 
time the average duration of life of the BCG-vaccinated animals is 308 
days and that of the controls 223 days. Moreover, the extent of the 
disease in the vaccinated animals was less than in the controls. 

This experiment was carried on parallel with another series of guinea 
pigs which were vaccinated with heat-killed human tubercle bacilli. 
So far we have seen no greater immunity established with living BCG 
bacilli than that obtained with heat-killed bacilli. 


CATTLE-IMMUNITY EXPERIMENT 


The experiments of Guérin, Richart and Boissiere (25) on cattle were 
also not very convincing in respect to their immunizing value. The 
authors started in 1915 with 67 head of cattle. Forty-seven reacting 
positively to tuberculin were slaughtered and a new stock was introduced. 


In 1919 38 per cent reacted to tuberculin and in 1920 the reacting animals 
increased to 41 per cent. Vaccination with BCG was begun in January, 
1921. In 1922, in spite of the vaccination, 45 per cent of 64 head reacted 
positively to tuberculin. In 1923 twenty-six of the original animals of 
1919 remained; all reacted to tuberculin and all but five of the reactors 
were killed. In 1924 the five supposedly tuberculous animals were 
allowed to live with the vaccinated animals. In 1925 three of the five 
reactors of 1924 were killed. The interesting point was that in one of 
these reactors no tuberculosis was found at necropsy, in the second only 
a few tubercles in the lung, and in the third only calcified tubercles in the 
lungs. In 1926, seven years from the beginning of the experiment, there 
still remained two of the infected animals which were reported in 1919, 
giving a definite tuberculin reaction. A second generation of the vac- 
cinated animals were revaccinated and this was repeated each year. At 
the time of this report the vaccinated herd totaled 58 cattle living in 
supposedly contaminated surroundings. ‘There was no record as to the 
tuberculin reactions of the vaccinated animals. 

We believe the truth of the matter to be this: At the beginning of the 
experiment the cattle which were very sick with tuberculosis were 
slaughtered. This method of eliminating the sick was carried on every 
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year or two. In 1924 only five contaminators were left to infect the 
vaccinated cattle. Three of these animals when killed at that time had 
either calcified, indefinite, or nonulcerative types of tubercles; that is, 
they were noninfectious animals. In all probability the two remaining 
animals used as supposed contaminators had the same type of tubercu- 
losis. How then could such animals be of great danger in infecting the 
vaccinated cattle? Furthermore there were no nonvaccinated controls 
in this experiment. The authors, satisfied with the outcome of their 
experiments, discontinued tuberculin-testing of the vaccinated animals. 
Therefore it appears that they have not proved a single point as far as 
protection is concerned. 

Tzekhnovitzer (5) inoculated cattle intravenously with BCG and then 
followed the vaccination with 5 mgm. of virulent bovine culture. The 
controls died within six months, while the majority of the vaccinated 
animals survived and were apparently well. 

Rankin (26), of the University of Alberta, is inclined to believe that 
BCG can confer some protection in cattle, while Watson (18) of Ottawa, 
after an extensive study, concludes that there is no evidence in his studies 
to even suggest that BCG-vaccinated animals exhibit any greater degree 
of protection after vaccination than do control animals. 

Recently Larson’s and Evans’s experiments (27) with BCG corroborate 
Watson’s conclusions. Some sixty cattle were used in his experiment. 
At the end of two years the animals were killed. The extent of tubercu- 
lous lesions in the BCG-vaccinated animals differed in no way from that 
in the controls. Schroeder and Crawford (28) came to the conclusion 
that vaccination of cattle with BCG was of no value in eradicating tuber- 
culosis. 

Wilbert (29) reported some evidence of immunity established in mon- 
keys by vaccination with BCG. However, a repetition of his work is 
necessary before it can be accepted, and the final report on the ultimate 
fate of the monkeys, has not been published. The same thing may be 
said of the experiments on monkeys reported by Kraus and Gerlach (17). 


VACCINATION OF HUMAN INFANTS WITH BCG 


The history of the vaccination of infants with BCG as a prophylactic 
measure dates from July, 1921, when Weill-Hallé and Turpin fed some of 
the material to infants at the Maternity Hospital in Paris. During the 
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following two years the vaccination was practically neglected. It was 
again taken up seriously July 1, 1924. 

Calmette (2), in an extensive review of January, 1928, summarizes 
the observations made up to December 31, 1927, at which time 52,772 
children had been vaccinated. ‘The statistical data presented by Cal- 
mette were severely criticized in an editorial in the Journal of the Ameri- 
can Medical Association and in the British Medical Journal. Greenwood 
and Rosenfeld analyzed Calmette’s data, and drew the general conclusion 
that Calmette’s statistics were not reliable and were based on errors. 
We shall not discuss Calmette’s first communication. (The reader is 
referred to a paper by Petroff and Branch (1).) 

Recently Calmette (30) has brought out other statistics which we 
shall now attempt to analyze and discuss. 


CALMETTE’S STATISTICS 


1: Tuberculosis and General Mortality among the Babies Born and Brought 
up in Tuberculous Environment and Not Vaccinated: This group consists 
of 1,364 infants, born in 1922, of 1,362 mothers having tuberculosis. 
During the first year of life 327, or 24 per cent, died of diseases supposedly 
tuberculosis. (No necropsies.) In the second group of infants belong- 
ing to the same class but covering the years 1925-1926-1927, there were 
4,837 infants born of tuberculous mothers and brought up in tubercu- 
lous surroundings and not vaccinated. The general mortality in this 
second group was 21.4 per cent and the supposedly tuberculosis mortality 
15.7 per cent. (No necropsies.) The information concerning these two 
groups was obtained from antituberculosis dispensaries. 

2: This group consists of 2,368 infants born of tuberculous mothers and 
brought up in a contaminated tuberculous environment. These babies 
were vaccinated with BCG at birth and their observation covered a period 
of one to four years. In this group the general mortality was 11.8 per 
cent and the tuberculosis mortality 3.4 per cent. (No necropsies.) 

' 3: This group consists of 3,607 infants from 89 different counties in 
France, living in a tuberculous environment and vaccinated with BCG. 
The general mortality in this group was 10.9 per cent and the tubercu- 
losis mortality 1.8 per cent. Eight hundred and fourteen of these infants 
have been living in close contact with tuberculous mothers for at least 
one year. Two per cent of the 814 infants died of diseases supposedly 
tuberculosis and 8 per cent of nontuberculous causes. (No necropsies.) 


VALUE AND SAFETY OF BCG 283 


In another group of 1,989 infants born of tuberculous mothers, not sepa- 
rated and not vaccinated, the tuberculosis mortality was 18 per cent and 
the general mortality 24.3 per cent. (No necropsies.) 

4; This group consists of 845 vaccinated infants in Ligny-en-Barrois. 
Thirty infants in this group died before one year and four after one year. 
The general mortality up to one year was 3.4 per cent, and from one to 
two years 0.4 per cent. The tuberculosis mortality was 0.2 per cent up 
to one year. In another group of 237 infants born up to September 
24, 1928, in the same locality, 210 were vaccinated, five of whom died of 
disease not tuberculous, and five of 27 nonvaccinated babies died of dis- 
ease supposedly nontuberculous. 

Only seven necropsies are reported in this article, six of which were 
made by L. Bernard in the Hospital Laennec and the other by Calmette 
himself. The latter was performed on an infant with congenital syphi- 
lis. Calmette found the organism in the mediastinal and mesenteric 
lymph nodes, and the suspected material was inoculated into guinea pigs 
with negative results. The duration of observation made on the guinea 
pigs is not given. Calmette mentioned 200 necropsies made outside of 
France but no references are given; therefore no opinion can be passed 
at present. 

These second statistics presented by Calmette do not differ materially 
from his earlier figures, which were analyzed by such capal*e men as 
Rosenfeld and Greenwood. Quotations from their papers are included 
in the discussion. The reader is advised to read first the summary and 
discussion, second Calmette’s statistics, and then draw his own conclu- 
sions. 

To evaluate any prophylactic measure, as well as the one under con- 
sideration advocated by Calmette, a follow-up of the children is very 
essential. Apart from the study of mortality among the vaccinated 
infants, a study of the occurrence of infection, as demonstrated by the 
tuberculin test and also X-ray examination, seems of the utmost import- 
ance. 

Weill-Hallé and Turpin (31) have attempted to study the outcome in 
children vaccinated with BCG by ingestion and living in tuberculous and 
nontuberculous environments. In 1927 these authors published a study 
based on the statistical data of 469 cases, 92 of which they lost trace of 
and were not included in these studies. From this group they excluded 
60 children because the duration of life after vaccination was too short. 
Of the whole group they analyzed 317 cases which were followed with 
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the cutaneous tuberculin test. Of these, 236 were from healthy sur- 
roundings and 67 from a tuberculous environment. Fourteen deaths 
occurred among the 317 children,—7, or 10.4 per cent, among the chil- 
dren from a tuberculous environment and 7, or 2.9 per cent, among the 
children from healthy surroundings. The skin test was done approxi- 
mately every three months and the results are assembled in table 1. 


TABLE 1 
Occurrence of tuberculin reaction: cutaneous tests 
INFANTS VACCINATED, LIVING IN TUBERCU- | INFANTS VACCINATED, LIVING IN HEALTHY 
LOUS SURROUNDINGS SURROUNDINGS 
AGE IN MONTHS 
Children examined test | Children examined test 
per cent per cent 
3 54 119 
6 48 16.6 169 4.1 
9 27 25.9 119 5.8 
12 15 26.6 78 7.6 
15 9 44.4 65 7.4 
18 10 50 39 1 | 
24 5 60 14 28 


In a more recent.publication (32) these authors reported new studies 
on 664 children vaccinated with BCG by the ingestion method, covering 
a period of from three months to four years. It is not clear whether these 
new studies include those made in 1927. From the table 1 we see that 
at the age of 12 months a percentage of 26.6 is given for infants vac- 
cinated and living in tuberculous surroundings, and in the second series, 
table 2, for the same age, 35.1 per cent. Similar differences could be 
pointed out among the children tested after two years,—60 per cent in 
the first table and 50 per cent in the second. We shall disregard the first 
table and analyze the second report. 

There are several points of interestintable2. At the age of 12 months, 
of 37 infants vaccinated and brought up in tuberculous surroundings, 35.1 
per cent reacted to tuberculin and of the 112 infants of the same age, 
vaccinated but living in healthy surroundings, 14 per cent reacted to 
tuberculin. A glance at the table shows that the occurrence of positive 
reactions increases with age. The increase, however, was not regular and 
sustained. We find, for instance, that, at the age of 23 years, of vac- 
cinated children living in tuberculous surroundings 66.6 per cent reacted 
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to tuberculin. Six months later, apparently the same group of children 
reacted with an incidence of only 37.5 per cent, returning to 50 per cent 
after another period of six months. The loss of a few cases could 
probably account for a small variation of percentage, but not to the 
extent shown in the table. If the authors would give us data of their 
observations in chronological order, based on the same infants every 
three months, we might be able to draw some satisfactory conclusions. 
We do not know how many children were tested every time during 
this period of four years. Unquestionably some were lost and new ones 
were added, 

The occurrence of positive tuberculin reactions reported by Weill-Hallé 
and Turpin is very high,—indeed, almost unbelievably so. Reliable 
statistics show that only 7 to 10 per cent of children up to 12 months, 
representing a cross-section of the general population, and not vaccin- 
ated, are accustomed to react to tuberculin. 

The antituberculosis vaccination, as practised by Weill-Hallé and 
Turpin, has not accomplished its purpose. It is difficult at present to 
trace the sources of infection in their cases. The first group of children 
vaccinated and living in tuberculous surroundings became infected in 
larger numbers and earlier in life than the second group living in healthy 
surroundings. The former event is probably due to exogenous infection. 
But where did the second group get their infection? The authors be- 
lieve it to be exogenous. We are inclined to believe that the positive 
tuberculin reactions were due to the direct implantation of BCG and 
not to an exogenous source, in a majority of the children, as there was no 
tuberculosis in the families in the second group. We further believe 
that up to three years those infants closely associated with members of 
the family do not run the chance of much infection from outside sources. 

Whatever the arguments adduced, it is difficult to establish with cer- 
tainty exactly how the infants have become infected. One fact stands 
out, and that is that up to 4 years 50 per cent of the vaccinated infants 
give positive reactions which denotes infection, and that the BCG did not 
prevent such infections. 

In another group of 35 infants vaccinated by the subcutaneous method, 
the authors report that an abscess formed at the site of inoculation. 
Death occurred in 6 of these 35 children. One was diagnosed as from 
tuberculous meningitis, the second from measles and bronchopneumonia, 
the third from convulsions, the fourth from alimentary toxic infection, 
the fifth from bronchopneumonia, and the sixth from digestive troubles. 
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No necropsies were performed in any of these cases and there can there- 
fore be no assurance of the validity of the assigned causes of death as 
reported by these authors. 

Only favorable results and no fatalities due to BCG have been reported 
by Calmette and his followers. However, from time to time we find 
some fatality in the literature which might be attributed to the vaccina- 
tion. Taillens (33) reports progressive tuberculosis and in some cases 


TABLE 2 
Occurrence of tuberculin reactions of BCG-vaccinated and nonvaccinated infants 


WEILL-HALLE AND TURPIN’S STUDIES 
NONVACCINATED CHILDREN: 
a CROSS-SECTION OF THE GENERAL 
Vaccinated and living in tubercu- Vaccinated and living in healthy POPULATION 
lous surroundings surroundings : 


Tuberculin 
tests 


examined 
McLean and Jeidell 


Negative 
Percentage 
positive 
Number infants 
examined 
ercentage 
positive 
| Chadwick 


| P 


3 months 
6 months 
9 months 
12 months 
15 months 
18 months 
21 months 
2 years 

years 

3 years 3} years 

34 years 4 years 

5 years 20% 
10 years 28% 
15 years 35% 


3 months 
6 months 
9 months 
12 months 
15 months 
18 months 
21 months 
2 years 
2-24 years 


Number infant: 
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death of the infants vaccinated with BCG and under observation at 
Lausanne Preventorium. This author also states that the general 
health of vaccinated infants was far below that of nonvaccinated. The 
criticism countered by Calmette is that this author did not vaccinate his 
infants on the 3rd, 5th and 7th days, and that the 9th, 11th and 13th days, 
as used by Taillens, are not very effective in allowing the organism to 
penetrate the intestinal mucosa. A further criticism by Calmette is 
that no necropsy was made to determine the actual cause of death in 
Taillen’s cases. 
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Jeudon (34) reports three deaths occurring after vaccination with 
BCG, as follows: 


Case 1. A male infant born of a tuberculous mother, the father having died 
from tuberculosis before the child’s birth. The infant was vaccinated on the 
3rd, 5th and 7th days with BCG, was nursed by its mother for five days, and 
then sent to its grandmother in the country in perfectly healthy surroundings. 
The infant remained in the country for 190 days, and was then brought back 
to Paris on account of illness. Upon examination definite pulmonary tubercu- 
losis was found, with signs of tuberculous meningitis. The child died three 
weeks later. 


Case 2: A male infant, with no family history of tuberculosis. At birth the 
infant was perfectly normal. It was vaccinated on the 4th, 6th and 8th days 
with BCG at the request of its parents. Seven months after vaccination bi- 
lateral pulmonary tuberculosis developed, and eight days after the diagnosis 
was made diarrhoea and vomiting ensued. Gastric analysis revealed acid- 
fast microérganisms. The child died a few days later, having in the last phase 
a syndrome which clinically had the appearance of tuberculous septicaemia. 


Case 3: Very little is said of the third case. This was an infant, born in a 
medical family with apparently no history of tuberculosis, and vaccinated with 
BCG. The cause of death was attributed to tuberculous meningitis. 


Calmette’s criticism of Jeudon’s cases is the same as in the case of 
those of Taillens; that is, that no animal inoculations were made with 
the spinal fluid and no necropsies were performed on the infants. The 
interesting circumstance that Calmette insists upon the value of necropsy 
when other investigators’ findings are in question, but is inclined to omit 
necropsic details when he compiles his own statistics, may or may not 
have its place in the evidence of the case; it at least deserves mention. 


DISCUSSION AND SUMMARY 


In the foregoing critique we have summarized some of the more im- 
portant contributions on BCG to date which have come to our atten- 
tion. No attempt has been made to cover all the literature. 

The vaccine is a living, attenuated culture of bovine tubercle bacilli. 
According to Kraus and Gerlach, Bruno Lange, Stanley Griffith, William 
H. Park, Aldershoff, A. Ascoli, Kirchner, Tzekhnovitzer, Elbert, Gelbert 
and Zoukerman, Nasta and Catzap, George Blanc and Carlos Chagar, 
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it is not virulent for guinea pigs, rabbits and cattle. (Calmette’s state- 
ment in recent papers (30) (35). The lesions always had a tendency to 
heal.) At the same time Calmette states that ‘‘only Petroff of Trudeau 
Sanatorium Laboratory is opposed to the bacteriologists of all the world 
in his success in increasing the virulence of BCG by animal passage.”’ 

Flattered though one must feel at the signal distinction intended by 
the foregoing statement, the conscientious critic must protest that some- 
one either does not follow the literature or else he completely ignores 
some other presumably valuable work; such, for instance, as that of 
Loewenstein, Heyman, Galli-Valerio, Nobel, Chiari and Sole, Bochini, 
Armengol, Watson, Korschun and Hutyra, who have been able at times 
not only to produce progressive tuberculosis with BCG in guinea pigs 
but have found that the disease could be transferred from animal to 
animal, and the microérganism regainits virulence. Furthermore (30) 
(35), Calmette argues that if the original culture contains one virulent 
“S” to 50,000 nonvirulent ‘‘R” microdrganisms, then one milligram of 
BCG culture, which represents 40,000,000 bacilli, should contain 800 
virulent “‘S” bacilli, more than enough to infect every guinea pig inocu- 
lated. Experimental evidence at hand, which will be published later, 
points out that the reciprocal influence of the two types of microérgan- 
ism is not in accord with Professor Calmette’s mathematical excursions. 

Our observations on BCG from the four cultures obtained at various 
intervals, have been that the microdrganism in general is not pathogenic 
to a great extent. It is true that lesions develop, and in the majority of 
cases completely disappear, but it is also true that in a small number of 
animals progressive tuberculosis has been seen leading to the death of 
the animal, the lesions of which could be reinoculated with the same 
results. 

The virulence of the microdrganism can sometimes be increased: First, 
by rapid passage through animals. Second, by inoculating animals 
subcutaneously, followed by a second inoculation in a month or six weeks 
later. This will sometimes lead to progressive tuberculosis, an observa- 
tion made by Rudolph Kraus and confirmed by us. Third, by cultivat- 
ing the microérganism on alkaline buffered synthetic fluid medium for a 
long time, subculturing at intervals of two weeks. Fourth, by cultivat- 
ing it in medium containing 10 per cent antisera. Fifth, by dissociation. 

We have been able to isolate two types of microérganism from our 
cultures, one which we have called “R” and the other “S”. “R” is 
nonpathogenic and does not produce progressive disease, while ‘‘S”’ 
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is pathogenic and will produce progressive disease in animals. “R” 
grows best on acid media and “S” on alkaline media. The former de- 
velops very well in glycerol-potato-bile and ‘‘S” does not develop in 
this medium. 

The criticism of Calmette and Vallée that the virulent element in the 
cultures observed by us is a contamination with virulent human micro- 
organisms, for the reason that they would not produce progressive disease 
in rabbits is purely gratuitous. Lacking the slightest basis of evidential 
support, it deserves no more notice than would any other figment of the 
imagination. 

Calmette discussing the transmutation of human into bovine bacilli, 
hesitantly admits that sometimes it is difficult to separate the two micro- 
organisms. He further admits that by adaptation in a different environ- 
ment the microdérganism can mutate. The following are Calmette’s 
own words: 


It follows from this that we are not justified in inferring the duality of human 
and bovine tuberculous virus, as Robert Koch would have it. These types 
differ one from another only because they have more or less adapted themselves 
through a series of successive cultural generations to a human or bovine en- 
vironment. And it cannot be conceived that cultures of human or bovine 
bacilli attenuated by prolonged existence on artificial laboratory media and 
become more or less avirulent, constitute special types. (A. Calmette: 
Tubercle bacillus infection and tuberculosis in man and animals. Translation 
by Soper and Smith, Williams & Wilkins, Baltimore, p. 294.) 


Calmette admits that environment plays a very important part and 
that such conditions influence the virulence of the microédrganism. But 
we cannot see why BCG should be an exception and not modify itself to 
a point that it will fail to produce generalized tuberculosis in rabbits. 
Such bovine cultures have previously been described. The author evi- 
dently believes that all tuberculosis microdrganisms should have the 
same degree of virulence. We have developed chronic bone and joint 
tuberculosis in rabbits with BCG and yet the disease was not as extensive 
as that obtained with virulent bovine organisms. 

King and Park (23), in a recent paper, reported advanced tuberculosis 
in guinea pigs inoculated with BCG. The disease in the animal was very 
extensive, but it failed to produce tuberculosis by subsequent passage 
inoculation. Schroeder and Crawford (28) made similar observations 
in guinea pigs. King and Park offered the explanation that in all 
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probability the resistance of the animals was on a very low level, while 
Schroeder and Crawford, being very cautious in drawing conclusions, 
advanced the explanation that the disease might have been due to a 
spontaneous tuberculosis. 

If we disregard the ability of such lesions to produce tuberculosis 
successively in series of guinea pigs, the mere fact that the microérganisms 
at times can produce extensive tissue damage is sufficient to warn us 
against using the vaccine for inoculation in infants. 

Korschun, Dwijkow and Gorochownikowa (13) were able to increase 
the virulence by intratesticular passage of the BCG tissue in a series of 
guinea pigs. After the 7th, 8th and 9th passages, the microdrganism 
obtained was of a high degree of virulence, producing extensive tuber- 
culosis. 

In surveying all these experiments on the virulence of BCG, we should 
like to point out one mistake which has been noticeable in the majority 
of them, which is that the animals were killed too soon after inoculation 
with BCG. Watson’s and our own results have been obtained by allow- 
ing the animals to remain alive from eight months to a year or more. 

Calmette claims that guinea pigs, rabbits and cattle can be rendered 
immune to a subsequent virulent infection by vaccination with BCG. 
The experimental data offered in proof have not been convincing. Kraus 
and Gerlach have noticed almost complete immunity in monkeys which 
had been previously vaccinated with BCG, but such work requires con- 
firmation. On the other hand, others, and even Tzekhnovitzer, who is 
an advocate of BCG vaccination, find that there is no appreciable im- 
munity in guinea pigs vaccinated with BCG. This same author also 
believes that BCG sets up an immunity against virulent infection in 
cattle. 

Our own results with BCG in guinea pigs point out that a slight degree 
of protection can be obtained by the vaccination, but this protection is 
no greater than that secured with heat-killed tubercle bacilli. 

We have been accused of faulty bacteriological technique and that our 
cultures were accidentally mixed with others of virulent tubercle bacilli. 
Calmette states that BCG must be cultivated in a special separate labora- 
tory devoted exclusively to work on BCG, to prevent contamination with 
virulent cultures, either human or bovine. If we follow this author’s 
advice, we must completely depart from the general custom of having a 
bacteriological laboratory where all kinds of microérganisms are culti- 
vated; we must have a special laboratory for each pathogenic microér- 
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ganism. The same objection has been raised in regard to the care of the 
animals inoculated with BCG. If we agree with Calmette we must have 
a special building for each group of animals used in various individual 
experiments and also for every diagnostic animal. 

Our BCG cultures are not contaminated, unless they were so when 
received from his laboratory. Aseptic bacteriological technique is em- 
ployed by careful workers and inoculations of various tubercle bacilli are 
made on different days so there will be no possibility of mixing the cul- 
tures. Consequently, the human culture is still human, the bovine 
still bovine, and the same can be said of the avian and a good many other 
acid-fast microérganisms with which we have been working for the last 
15 or 20 years. Why should the fate of BCG be so exceptional? We 
have obtained increased virulence in BCG cultures, but this increase has 
probably been due to the cultivation of the microérganism for many 
generations on a medium favorable for increasing its virulence. Even 
after the virulence has been increased, the disease obtained with the 
microérganism is not as progressive and rapid as that obtained with our 
usual bovine and human cultures. Furthermore, larger doses must be 
used than ordinarily to produce progressive tuberculosis in the animals. 

In regard to the care of the animals inoculated with BCG, we have 
every reason to believe that spontaneous tuberculosis has been a very 
rare occurrence in our laboratory. In all, we have had only three cases 
of tuberculosis in the last twenty years for which we could not account. 
For feed we always use fresh vegetables, that is, cabbage, carrots and 
oats, and no refuse from the Sanatorium is used for feed. The persons 
who have been in charge of the animals have been nontuberculous 
individuals and not ex-patients. 

The consensus of opinion among students of tuberculosis is that the 
bovine tubercle bacillus is not very virulent for human beings. Taking 
into consideration this opinion, the partisans of the vaccination think 
that BCG, being of bovine origin and of low virulence, should not cause 
us any worry as to the consequences. If we agree with this, why then 
should there be any campaign to eradicate tuberculosis among cattle; 
why pasteurization of milk, if a few microdrganisms will confer immunity 
in infants and not an infection which will manifest itself later in life in 
clinical tuberculosis? Or, why not use ordinary living bovine bacilli 
for human immunization, a procedure analogous to the exhaustive, yet 
finally discarded, attempts to immunize cattle with living human bacilli? 
The favorable reports, coming from various European countries on the 
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vaccination of newborn babies up to the present, have been so amplified 
that they have reached the point of distortion. Careful analyses of the 
first statistics presented by Calmette have been made by Rosenfeld (36) 
and independently by Greenwood (37). 

We may cite some passages of Rosenfeld’s criticism on Calmette’s 
statistical data: 

General Criticism: Calmette’s claim is that BCG immunizes, that is, 
prevents the occurrence of the disease. Clinical and X-ray studies have 
not been made of living vaccinated infants, and the mortality rate to 
prove the value of the vaccine is no criterion that the vaccination has 
prevented exogenous infection. 

Calmette selected figures for comparison which were in his favor. For 
controls, that is, nonvaccinated infants, he used the mortality figures of 
former years and compares them with vaccinated infants of 1924-1927. 
It is well known that in recent years tuberculosis has been on the decline 
and that, therefore a comparison of recent with past figures would be in 
Calmette’s favor. 

The number of deaths due to tuberculosis per 10,000: 

1901-1902, 31%; 1919-1923, 18.1% 


1901-1902, 21%; 1914-1919, 16.6% 
1901-1902, 61%; 1921-1926, 13.6% 


In his comparison Calmette uses a questionnaire which he has sent 
to the dispensaries of France. By such a method he aims to show that 
the tuberculosis mortality of vaccinated children is lower than the tuber- 
culosis mortality of other children. The following points are of interest 
in this matter: 


1: Only 99 dispensaries out of a possible 500 responded by answering the 
questionnaire. 

2: The questionnaires were sent out in 1925 and were designed to obtain in- 
formation about the cause of death and whether tuberculosis as the cause of 
death could be accepted in some of the cases without necropsy. 

3: The tuberculous mothers from dispensaries were put on the same basis as 
those of maternity clinics. In the former group, giving birth in 1922, 54 per 
cent were already dead by 1925, showing the type of cases coming to the dis- 
pensary for advice, whereas in the tuberculous mothers of the maternity clinics 
where infants were vaccinated, the tuberculosis was an accidental finding. 
Calmette does not give us the mortality rate in the latter group. Therefore, 
the mortality rate of infants from tuberculosis dispensaries, due to the severity 
of the disease in the parents, is much higher when compared with the mortality 
of vaccinated infants from maternity clinics. 
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There is also a social difference in the two groups of mothers. The 
dispensary cases included especially those cases in which the tuberculous 
mother desired care for a tuberculous child and under such conditions 
the tuberculosis among the infants was discovered. But how about the 
tuberculous mother having healthy children? As this latter group does 
not come under dispensary care, the statistics gathered from the question- 
naires show an artificially high infant tuberculosis mortality. 

Another reason the mortality in vaccinated infants is not as high as 
the general mortality is this: Vaccination with BCG is never done im- 
mediately after birth. The mortality statistics of vaccinated infants do 
not include those dying on the first day of life. That thisis not a negligi- 
ble occurrence can be seen from the following: In England, between 1924 
and 1926, the infant death-rate on the first day of life was 13.94 per cent. 

In the vaccinated group, selection of cases was made. Bad risks were 
not vaccinated. Calmette says that of 3,808 children vaccinated within 
a period of one year before December, 1927, 118 died, and from this he 
calculates an infant mortality of 3.1 per cent, which he compares with 
the infant mortality of all France, which is 8.5 per cent. However, these 
two figures are not comparable, for the former has nothing in common 
with the statistics of infant mortality. Not every one of these 3,808 
infants has been under observation for one year. The vaccinations of 
this group cover a period of one year; therefore some have been under 
observation only a few days, others a few months, and so on up to one 
year. 

Rosenfeld then analyzes the vaccinated and the nonvaccinated, using 
Calmette’s figures. Equalizing all the factors, he came to the following 
conclusion: “In 1925, in all France 0.13 per cent of the nonvaccinated 
infants died of tuberculosis in the first year. Of the 3,808 vaccinated, 
0.9 per cent have died of tuberculosis, a figure which, regardless of errors 
in calculation, is still seven times as large as 0.13 per cent nonvaccinated. 
Therefore, the infant mortality of the total vaccinated is greater than that 
of the nonvaccinated,”’ 

Greenwood (37), on the other hand, not only points out some gross 
errors in Calmette’s statistics, but criticizes him severely for misquoting 
the figures of other investigators. Impatient with Calmette’s statistical 
method, he says in part: 


If Dr. Calmette had stated that, on experimental grounds, he was satisfied 
that his method of vaccination was a valuable prophylactic, and had confined 
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himself to the kind of reasoning contained, for instance, in the first pages and 
the fifth and sixth sections of his report, I should not have been convinced 
because, inter alia, I do not understand how a living vaccine—that is, something 
quantitatively indeterminate—can be a satisfactory means of therapeusis; but 
I should have felt that my knowledge of the literature and technique of modern 
immunology was so amateurish that it would have been an impertinence to 
bandy words with an investigator who has devoted his life to such studies. 
But Dr. Calmette has not adopted this course; he has deliberately appealed 
to the statistical method, and, in my submission, his use of that method has 
been so gravely defective that no confidence can be placed either in his statisti- 
cal inferences or in the reliability of the data which he has assembled. The 
collection of data is at least as delicate a business as their analysis, and a writer 
who shows so little respect for logic in analysis is not likely to have been more 
circumspect in assembling data for analysis. I see no hope of obtaining statis- 
tical data from France. If an appeal zs to be made to statistical methods in 
other countries, we should be quite clear what conditions have to be fulfilled 
to give the statistical court jurisdiction. 


A careful analysis of the recent statistics given by Calmette would 
seem to disclose errors similar to those in his first figures. No compari- 
son can be made for the reason that the vaccinated infants were separated 
from the infecting environment and the controls were not. Such a 
separation by itself can accomplish a great deal, and has been advocated 
by Grancher in human beings and by Bang in cattle. In Calmette’s 
(2) first communication the death-rate from tuberculosis in the vaccinated 
children was 0.9 per cent, and in his most recent studies (30) the death- 
rate for the same group is 3.4 per cent, an increase of almost four times 
in one year. 

Calmette in his studies claims that not a single fatality has occurred in 
infants vaccinated with BCG. Shall we ignore the cases reported by 
Taillens (33), Jeudon (34), Girod and Debarge (38), Chenard and Ferrier 
(39), Baigue (40), and Nobecourt (41)? Unquestionably the mortality 
in these cases was due to tuberculosis and could be attributed to BCG. 
Calmette, however, attributes such deaths either to an infection with a 
filterable tubercle bacillus (a highly hypothetical entity that lacks 
scientific acceptance) before birth or to an exogenousinfection (another 
presumed entity) after the vaccination, and not to BCG (an actual and 
acknowledged entity). 

Lignieres (42) is a leading opponent of Calmette’s prophylactic vac- 
cination. In a lecture before the Academy of Medicine, he states in 
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part that the vaccine is not entirely free from danger, and that the vac- 
cination in all probability confers relative immunity of very short dura- 
tion. Any exaggerated estimate of an immunization conferred by BCG 
vaccination which it does not possess bids fair to engender a false and 
dangerous security, which would neglect standard and adequate hygienic 
measures. The vaccination of healthy children not exposed to tubercu- 
losis infection cannot be considered as justifiable at present, nor can any 
wholesale and indiscriminate vaccination. Calmette’s statistics are 
sprinkled with such grave errors as to render them of no scientific value. 


CONCLUSION. 


We have now reached the cross-road and must decide as to what 
course we must pursue in our campaign against tuberculosis. Shall we 
tuberculize the whole world by adopting Calmette’s method of vaccina- 
tion with living microérganisms, which would be logical if we accept the 
figures of Weill-Hallé and Turpin? Or shall we continue those preven- 
tive methods, adopted some years ago in this country and Canada, and 
so successfully employed in reducing the mortality from tuberculosis 
and preventing infection in infants. 

Recent studies on the biology of the tubercle bacillus suggest strongly 
that the microérganism is not stable and may mutate. Although BCG is 
a microérganism of relatively low virulence, on the basis of present in- 
formation we can never know what may happen with it later in life, as 
it passes from human being to human being and perhaps gradually re- 
gains its alleged greater virulence of old. We believe in the evolution 
and mutation of all microdrganisms, and for this reason are strongly 
against the adoption of any method of prophylactic immunization that 
uses a living microédrganism. Infants that become infected with a viru- 
lent microérganism and develop a latent tuberculosis may manifest a 
clinical disease later in life. There is at present not an iota of scientific 
evidence to show that the same thing may not occur if we infect infants 
with BCG; there is accredited evidence to suggest that such a catastrophe 
might happen. 

The low level of acquired resistance obtained by the implantation of 
living microérganisms is all we can expect. Shall we pay the price for 
such a resistance by infecting the whole race? If we must use a vaccine, 
we believe that one composed of dead microérganisms can accomplish 
as much as we can obtain with BCG. 
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ORAL VACCINATION WITH BCG ON HUMAN BEINGS 
IN NEW YORK CITY?? 


CAMILLE KERESZTURI 
in codperation with 


WILLIAM H. PARK 


The BCG vaccine is the discovery of Professor Calmette, the Assistant 
Director of the Pasteur Institute in Paris, and his co-worker, the veteri- 
nary surgeon, Guérin. It consists of living, slightly virulent tubercle 
bacilli, of bovine type cultured on 5 per cent ox-bile-glycerine for the 
past 21 years. The vaccine is given by mouth in three doses at 48-hour 
intervals within the first ten days of life. Each dose consists of 10 mgm. 
moist bacilli in 2 cc. of physiological salt solution. Thus the total num- 
ber of microérganisms given is approximately 1,200,000,000. Up to 
date over 200,000 infants have been vaccinated orally with BCG all over 
the world. The majority of those who have used the vaccine agree that 
the BCG decreases the tuberculosis mortality of babies of tuberculous 
families from over 20 per cent to about 1 per cent within the first year of 
life. These statements were impressive enough to encourage us to try 
out the method in New York City so as to be able to form our own 
judgment. 

First, we will make a short reference to our work in feeding and in- 
jecting animals with BCG vaccine before taking up our results in infants. 

In the February, 1929, number of the American Journal of Public 
Health, King and Park give the results of their injecting guinea 
pigs, monkeys and calves with BCG. In only one of many guinea 
pigs did any progressive tuberculosis develop. The others, after a cer- 
tain length of time, recovered entirely from their injections. Some were 
allowed to live for two or more years. In all instances a very definitely 
increased resistance to infection with virulent bacilli resulted from the 
vaccination, as shown by the development of a less extensive tuberculosis 
in them than in the control animals. So far as the feeding results were 


1 From the Research Laboratories of the Department of Health, New York City, the 
Children’s Medical Division of Bellevue, Fifth Avenue and Long Island College Hospitals, and 
the Infant Ward of Sea View Hospital. The statistics of the paper are as of May 1, 1929. 

2 This investigation was aided by a grant from the Metropolitan Life Insurance Company. 
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concerned in newborn guinea pigs and calves, no evidence was shown 
of infection from the vaccine nor of protection by it. On the other hand, 
in fairly young but not newborn monkeys, there was evidence of slight 
absorption and of the development of some resistance. Four monkeys 
out of nine which were fed the vaccine were found at autopsy to have 
small localized tubercles, especially in the mesenteric lymph nodes. 
These findings indicate that the bacilli in the vaccine may pass the mucous 
membrane of the intestinal tract of monkeys. As far as we know, there 
are no records of any harm coming to animals through the feeding of the 
Calmette culture. It has been found by Watson and others that occas- 
ionally, after being injected subcutaneously with rather large amounts 
of certain cultures of BCG, animals develop progressive tuberculosis. 
Unless the tubercle bacilli are cultured in the exact method recommended 
by Calmette, it is not fair to consider the development of a tu- 
berculosis as liable to occur with his vaccine. 

The work of Petroff indicates that, among the bacilliin a ‘iiss grown 
according to Calmette’s methods, there is a minute proportion of bacilli 
which have a greater virulence than the others. These, if developed 
on special media, show considerable virulence. The fact that virulent 
bovine bacilli do not attack adults removes any fear in our minds that 
the Calmette culture might change in the body and become dangerous 
in later years. 

Our experience with the adminstration of the BCG vaccine to human 
beings in New York City is of two years’ duration. As the total number 
of the immunized babies is 183 and only 87 of them are over twelve 
months of age, our conclusions are still preliminary. However, we are 
able at least to provide a tentative answer to the following questions 
which must be considered in passing judgment on this oron any other 
vaccination: | 


1: Is the procedure simple? 
2: Is it harmless? 

3: Does it give immunity? 
4: If so, how long does the protection last? 


1: RELATIVE SIMPLICITY OF ORAL BCG VACCINATION 


In the case of babies having no tendency to vomit, the administration 
of the BCG vaccine by mouth is very simple. Unfortunately a small 
percentage of the newborn regurgitate very easily, even if they receive 
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the food on an empty stomach and very slowy. In such instances we 
lose track of the quantity of the vaccine actually taken, and therefore 
must estimate the rejected amount and increase quite arbitrarily the next 
dose. Occasionally, we have even to insert a fourth BCG administration 
in order to make up for the loss occurring during the third feeding. 
Somewhat less simple are the difficulties arising through the necessity 
of separating the baby from the tuberculous member of the family during 
the first month. Very often the parents consent to the vaccination, 
but refuse to part with the child. However, isolation also possesses dis- 
advantages, because we not only deprive the infant of the benefit of the 
mother’s milk, but in addition we have to place the delicate newborn in a 
hospital or other surroundings where the possibility of infections is so 
much greater than at home. After considering these facts we did not 
separate the babies of closed tuberculous families at all, but did so when 
it was possible with infants exposed to open tuberculosis. This means 
of achieving simplicity resulted in no undesirable effects. 


Separation Conditions of the 34 BCG Babies in Open Tuberculous Families 


PERCENTAGE 
OF TOTAL 


NUMBER 


Separated for 1 or more MOMEhS. 15 
Separated for a part of first month only..................... 7 20 


Our experience with the 36 per cent not separated and the 20 per cent 
partly separated babies in open tuberculous families is not as bad as Cal- 
mette claims for his cases. All of ours are developing well. Not many 
more of them show positive tuberculin tests than those in the closed- 
tuberculosis family group. And only one baby died of tuberculosis. The 
data concerning this child is as follows: 


The father had third-stage tuberculosis with steady positive sputum; the 
mother was an incipient case with negative expectoration. The infant lived 
in close contact with them from the time of her birth. She was a fine 7-]b., 
8-ounce baby when born. She was developing splendidly until the sixth 
month. The Mantoux test was negative at 13 months and became positive 
at the end of the first half-year. The X-ray picture showed tracheobronchial 
adenopathy at the third month. At the sixth month the baby contracted 
whooping-cough which failed to clear up. Finally at the age of 73 months 
she was admitted to the Kings County Hospital, where she developed a very 
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serious enteritis that did not respond to any treatment. The child was ex- 
amined very thoroughly; the Mantoux test was still positive, and a few days 
before death the X-ray picture of the lungs indicated miliary tuberculosis, 
Autopsy revealed a group of old caseous lymph nodes in the hilum region and 
a fresh miliary dissemination throughout all organs. Even the intestines 
showed ulcers, which might have been responsible for the obstinate diarrhoea. 
The culture proved to be of human origin. 


The problem here is whether the first month of separation would have 
been sufficient for the development of an immunity and capable of sav- 
ing this child, or whether the exposure was so extremely great that the 
BCG vaccine would not have protected the infant when its resistance was 
lowered by the whooping-cough. 


2: THE HARMLESSNESS OF THE BCG VACCINATION 


The BCG vaccine causes no elevation of temperature, gastrointestinal 
troubles, or any other observable reaction, either immediately or later, 
and the general development of the BCG babies is as good as that of the 
controls. 

Furthermore, as far as we could determine, in the vaccinated group 
there is no impaired resistance to other diseases. Some of the infants 
develop permanent or changing hypersensitiveness to tuberculin, and the 
hilum shadow in the X-ray picture of the chest occasionally suggests 
slight enlargement, without parenchymal pathological changes in the 
lung. We lost from tuberculosis only one baby who was not exposed, 
and the probability in this case is that the infant had an intra-uterine 
infection, because right after confinement the mother died of miliary 
tuberculosis. This is the form of the disease in which we expect free 
tubercle bacilli in the blood-stream, and admit the possibility of infection 
through the placenta. 

The details of the BCG baby who died, as mentioned above, are as 
follows: 


Baby M. was premature, weighing five pounds at birth. Shortly after delivery 
the mother died of miliary tuberculosis. We had extreme difficulty in feeding 
the baby. It suffered very frequently from enteritis, and the greatest weight 
that it ever attained was six pounds and three ounces. The many intracuta- 
neous tuberculin tests and the X-ray pictures of the chest were all negative. 
At 33 months the baby showed extreme signs of enteritis, and was admitted 
to the Bellevue Hospital. The Mantoux test and the X-ray picture were still 
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negative. Finally, about ten days before death the X-ray indicated miliary 
tuberculosis. An autopsy could not be obtained. 


There is no reason to think that the BCG vaccine itself was responsible 
for the death, as only one of the other 183 babies who were vaccinated had 
died of tuberculosis and this was proved to be caused by the human type 
of tubercle bacillus. 

The weight of the BCG babies and the controls, who came at least 
twice to our clinics, is arranged in the following tables. As the BCG 
cases are more codperative, we were able to collect for our statistics about 
twice as many of them as of the controls. We took as the norm the rou- 
tine weight-curve used as a standard in the Bellevue Children’s Clinic 
and considered the weight during the first year only. 


Weight of the BCG and Control Babies 


OVERNOURISHED 
OR NORMAL 


TOTAL 
Percent- Percent- 
Number | ageof | Number] age of 
total total 


101 51 50.5 50 49.5 
56 29 51.8 27 48.2 


The above table demonstrates that the percentage of undernourished 
babies is nearly the same in both control and vaccinated groups. It is 
claimed that in New York City only 35 per cent of the children coming 
to dispensaries have normal weight within the first years. As may be 
seen in both of our groups, about 50 per cent of the children have normal 
or overnormal weight. This means that we succeeded in raising the 
hygienic level of our families so much that in respect to weight we over- 
came the handicap of the tuberculous surroundings. The next table 
shows that even the degree of undernourishment is approximately the 
same in both the vaccinated and the control groups. 


Degree of Undernourishment 


TOTAL 1 2 3 4 5 6 7 
POUND | POUNDS | POUNDS | POUNDS | POUNDS | POUNDS |POUNDS | POUNDS 
per per per per per per per per 
cent cent cent cent cent cent | cent cent 
Vaccinated..... 50 |20, 40] 8, 16] 8, 16/8, 16] 3, 6/1, 2] 0 2, 4 


Controls....... 27 | 6, 22/9, 34/4, 15/3, 11] 1, 3/3, 11] 0 | 1, 4 
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From all these facts we feel confident that the oral administration 
of the BCG vaccine in the doses that Calmette suggests is harmless. 


3: THE IMMUNIZING VALUE OF THE BCG VACCINE 


When we started the BCG work in December, 1926, we had no adequate 
control statistics at our disposal in New York City. We understand 
by adequte control statistics the mortality rate of babies coming from 
tuberculous families followed up from birth or early months of the first 
year and given the same hygienic care as the vaccinated ones except 
the vaccination itself. We had to build up our own simultaneous control 
system. We are observing a group of children whom we did not vacci- 
nate, and another group to whom we gave the BCG vaccine orally. All 
of these children belong to consumptive families. We know the whole 
family personally, and are acquainted with the sick member very well, 
including the type and degree of tuberculosis, and we also are minutely 
informed as to how long and at what age the baby had been exposed. 
We pay special attention to the rooming and social conditions of all 
cases. Our belief is that this simultaneous control system is the only 
correct method by means of which to estimate the effect of the vaccine. 


Our Difficulties 


1: There are few fit cases for BCG vaccination in New York City. We 
examined up to May first about 721 tuberculous families, in order to 
select 280 controls and 183 desirable cases for BCG vaccination. It is 
surprising how difficult it is to carry out this piece of work in New York 
City. In Europe it is apparently much easier to find suitable infants for 
BCG vaccination, because 

a: Tuberculosis is more widespread there than here. According 
to Calmette every fifth death is due to tuberculosis in Europe, whereas 
only about every fifteenth is due to this cause here. 

b: The social conditions are much better here. If someone becomes 
tuberculous he has a better chance to recover, either because he is suffi- 
ciently wealthy to get proper treatment himself, or because the City 
or some of the different private charity organizations will take care of 
him. 

c: Even if the tuberculous member remains at home, the general 
health intelligence of the masses being higher in this country, the family 
understands better how to protect the babies. 


i 


ORAL VACCINATION WITH BCG 303 


d: In New York City there are surprisingly few pregnant mothers 
having tuberculosis themselves, or some infected member living in their 
family. Perhaps they are intelligent enough to realize their own 
danger and the danger of the infected surroundings for the future baby, 
and therefore prevent pregnancy. In practice we very seldom find a 
positive-sputum case at home. Most of the serious tuberculosis patients 
are placed in institutions, thus removing the focus of infection and 
making it difficult for us to estimate the protection afforded to the 
vaccinated babies. Frequently the sick member dies shortly after the 
baby’s birth without coming in contact with it at all. 


2: Itts very hard to obtain the fit cases. Further difficulty is seen in the 
fact that in getting cases we must depend upon many sources. Our 
patients were referred to us from the Health Department, many of the 
hospitals, and from a number of private physicians. 


3: It is difficult to be early enough for the vaccination. Our control and 
vaccinated groups are not equalin number. The reason for this is that 
we have to see the mother during pregnancy to obtain the baby early 
enough for oral vaccination. As has already been stated, it is claimed by 
Calmette that the vaccination can only be done to the best advantage in 
the first ten days of life. Ifa baby is more than ten days of age when 
reported to us or if the mother objects to the vaccination, we keep the 
baby as acontrol. This is why we have more controls than vaccinated 
cases. 


4: We have obstacles in centralizing and following up our cases. Another 
of our difficulties is the centralization of the follow-up work. A New 
York patient has always one or more hospitals in his district, so that he is 
not willing to go far for hospital care, especially when the baby is not 
acutely ill. It is essential that all cases shall be centralized, for the result 
cannot be judged properly unless the vaccinated subjects and controls 
are under the same person’s care. It is very hard to follow up patients 
in New York City because the City authorities do not keep records of 
the address changes of the inhabitants, as the majority of European cities 
do.. In New York if someone moves and leaves no address it is almost 
impossible to find him again. As our patients are chiefly poor people 
they move quite frequently, often purposely not leaving the address 
behind, in order to solve financial difficulties. Thus the codperative 
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cases report every one or two months in the children’s clinics of the 
Bellevue, Fifth Avenue and Long Island College Hospitals, and we give 
special attention to the mother as well as to the baby so that they will 
return. If they are not willing to come to our clinics, we are compelled 
to visit them in their homes, which is of course a more imperfect follow-up 
system, because we cannot use the X-ray and other means of examining 
the cases. 


Our Mortality Statistics 


The number of infants we have studied is too small as yet to give any- 
thing but suggestions of the probable mortality of babies under one year 
in families where one or more members suffer from tuberculosis, and 
of the mortality of similar children who have been vaccinated orally 
with the BCG vaccine. The total number of cases now is 447, of which 
167 have received the vaccine orally and 280 are simply under careful 
observation and act as controls. 


Total Number of Cases Studied 


TUBERCULOSIS | NONTUBERCULO- 


TOTAL NUMBER | “yorTALITY | SIS MORTALITY 


per cent per cent 


280 8.6 6.4 
167 1.2 6.6 


Sixteen vaccinated babies are not included in our BCG statistics because 


we cannot locate them at the present moment. 

As may be noted, when we divide our general mortality according to 
tuberculosis and nontuberculosis deaths, it is obvious that the BCG 
affects the tuberculous part only. The nontuberculosis percentage of 
the deaths in both groups is about the same. This fact is not in accord- 
ance with the findings of the majority of the BCG workers, who claim that 
for some unknown reason the BCG vaccine decreases the general mortal- 
ity also. 


Mortality Rate of the Cases Which Are or Would Be over One Year of Age if Alive 


TUBERCULOSIS | NONTUBERCULO- 


TOTAL NUMBER | “yorTALiTy | SIS MORTALITY 


per cent per cent 


224 9.3 6.7 
76 2.6 9.1 
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The above table concerns only those babies, who have already finished 
the first year. Asis seen, we have only 76 such BCG-vaccinated babies. 
The number is so small that it makes deductions rather hazardous, 
whereas the number of our controls is large enough to warrant more 
reliable conclusions. However, the figures of the above table are 
misleading because the BCG and control groups are not equally ex- 
posed to tuberculosis. Thisis due to the fact that the control families are 
on the average less intelligent and less codperative than the vaccinated 
ones. Due to the lower intelligence, the social conditions of the family 
are lowered also; the tuberculous member is progressing in the disease and 
more frequently becomes an open tuberculosis case. Because they are 
less informed they neither prevent pregnancy nor do they protect the 
baby from the tuberculous member. ‘The other explanation of why we 
have a larger number of closed tuberculosis cases among the relatives of 
our vaccinated babies is that at the beginning we wanted to have enough 
vaccinated cases to see clearly whether the BCG vaccine is harmless or 
not. Nowadays we limit ourselves largely to open tuberculous families. 
The table below shows in figures what has just been stated: 


Tuberculosis Exposure of All Our Cases 


TOTAL 
NUMBER 


EXPOSURE 
TO POSITIVE 
SPUTUM 


EXPOSURE 
TO NEGATIVE 
SPUTUM 


NO 
EXPOSURE 


280 
183 


per cent 


49.2 
19.1 


per cent 


34.1 
43.6 


per cent 


16.7 
37.3 


In order to make the vaccinated and control groups comparable from 
the point of view of tuberculosis exposure, we must divide them into 
three groups: that is (1) cases that are exposed to open tuberculosis; (2) 
cases that belong to tuberculosis families in which the tuberculous mem- 
ber has negative sputum; and (3) cases that are not exposed at all. 
One might wonder why some are not exposed at all when we deal only 


with babies in tuberculous families. It is because the tuberculous mem- 
ber of the family is still in some hospital or because he or she died before 
the baby ever could be in contact with him. Of course, dividing the 
already small group of cases into three subsections renders interpretation 
of the percentages even more hazardous than before, but it is fair and in- 
teresting to look into the matter from this exposure point of view also. 
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The Death-Rate of Babies Who Passed Their First Year Grouped According to Tuberculosis 
Exposure 


EXPOSURE TO EXPOSURE TO 
POSITIVE SPUTUM NEGATIVE SPUTUM NOT EXPOSED 


Total Total Total 
num-| Died | Rate | num-/| Died | Rate | num-| Died | Rate 
ber ber ber 


per per per 
cent cent 


114} 23} 20.1) 76; 2 |2.6} 34] 
16 2} 35; 0 | 0 25 | 0 


* We included in this group a baby who probably died from tuberculosis due to intra- 
uterine infection. 


Nontuberculosis Death-Rate of Babies Who Passed Their First Year from Point of View of 
Tuberculosis Exposure 


EXPOSURE TO EXPOSURE TO 
POSITIVE SPUTUM | NEGATIVE SPUTUM NOT EXPOSED 


Total Total Total 
num-| Died | Rate | num-| Died Died | Rate 
ber ber 


per per 
cent cent 


114 4.3 | 76 ‘ 27 
16 6.2] 35 20 


As is seen in each single group, the BCG seems to decrease the tubercu- 
losis mortality. Among the controls and among the BCG-vaccinated 
babies we observed the highest tuberculosis mortality in the group of 
babies who are exposed to open tuberculosis. The BCG seems not to 
have any considerable effect on the nontuberculosis deaths. In certain 
sections the rate is even increased by 1 to 2 per cent which, however, 
might be deemed inconclusive because of the small number of cases. 

To illustrate how mistakes might occur in any statistics dealing with 
very young infants and to stress the significance of autopsy findings, 
we describe the following control cases: 


Baby E. was sent to us when one month old, with a history that he was exposed 
to his open-tuberculous mother for the first months of his life. We desired 
to determine whether or not he was already infected with tuberculosis when 
we got him. The infant was born prematurely, but in fairly good condition. 
He had no fever, and a negative Mantoux test, even with 0.4 mgm. of tubercu- 
lin. The X-ray report stated: “Lungs clear, adenopathy at the hilus lymph 
glands.” We doubted that even without manifest clinical signs such a young 
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baby could escape infection after a month of close contact with a person void- 
ing positive sputum, and having laryngeal tuberculosis also. We placed the 
child in Bellevue Hospital for further observation. The baby did well for a 
month, and then developed acute enteritis, and died at the age of 2} months 
without any clinical evidences of tuberculosis. Meanwhile the Mantoux 
test and the X-ray pictures of the chest had remained negative as before. In 
spite of this, the autopsy showed miliary tuberculosis with a primary focus in 
the right middle lobe. 


This case shows the importance of autopsy at such an early age, in making 
the correct diagnosis. It is well known how hard it often is to obtain 
consent to an autopsy in New York City. In spite of the difficulties we 
were able to obtain postmortem examinations in 46 per cent of our vac- 
cinated babies who died, whereas in the control group the percentage was 
less than 25 per cent. As all of the BCG infants except one died in hos- 
pitals where special attention was paid to them, and in 46 per cent of the 
cases we obtained autopsies, we believe that we did not miss detecting a 
single death from tuberculosis in our BCG-vaccinated group. We are 
not so sure about the controls. 


Data of BCG Babies Who Died 


TUBER- 
mariats | | SPUTUM SEPARATION AGE |AUTOPSY DIAGNOSIS 
OF FAMILY 
Be MI | Positive Always 4 mo. | No Prematurity 
Br MII ? 13 days, death 4 mo. | Done} Prematurity 
Ch M III | Positive Always 1 mo. | Done! Enteritis 
Co MI | Negative | Always 3 mo. | No Otitis media; malnutri- 
tion 
Gr M III | Negative | 2 days, death 3 mo. | Done| Enteritis 
Le MII | Positive | } months, death | 4mo. | Done} Prematurity 
Lo F III | Positive No time 73 mo. | Done| Miliary tuberculosis 
Mc M III | Negative | 1 month, death | 3 mo. | No Malnutrition 
Ma M III | Negative | Always 4 mo. | No Miliary tuberculosis 
Man}; MI | Noexp. 1 month, death | 1} mo. | No Malnutrition 
St F II | Negative | Always + mo. | No Congenital heart 
Wh M III | Positive | Always 4 mo. | Done} Malnutrition 
R MII | Negative | No time ‘| 5 mo. | No Bronchopneumonia 


When we study the table showing the different reasons for death 
of our BCG babies it is noted that we have very exact information about 
them. Of the 6 autopsies that we were able to obtain, 5 cases were 
examined not only macroscopically and microscopically, but also for 
tubercle bacilli in the tissues, and for the effect of inoculation on guinea 
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pigs. The animal results were negative in all the cases except that of the 
one baby who died of miliary tuberculosis after whooping-cough. In this 
instance we were able to prove by culture and by guinea-pig and rabbit 
inoculations that the tubercle bacilli were of human origin, that is, that 


the baby died in spite of the BCG vaccination and not on account of it. 


Tuberculin Tests 
Of the 156 controls who were tuberculin tested and are over one year of age 


PERCENTAGE 
OF TOTAL 
NUMBER 


DIED WITHIN 


OF TUBERCU- 
LOSIS 


THE FIRST YEAR 


DIED WITHIN 
THE FIRST YEAR 
OF NONTUBERCU- 

LOUS DISEASES 


Positive Mantoux 
Negative Mantoux 


68 
88 


43 
57 


per cent 


13 
4.5 


per cent 


1 
2 


All the 64 BCG babies who were tuberculin tested and are over one year of age 


PERCENTAGE 
OF TOTAL 


DIED WITHIN 
ONE YEAR OF 


TUBERCULOSIS 


DIED WITHIN 
ONE YEAR OF 
NONTUBERCU- 
LOUS DISEASES 


14 
50 


22 
78 


7 
2 


per cent 


per cent 


As is seen, we did tuberculin tests on the majority of our controls and 


BCG babies. 


tively within the first year. 
reaction died of tuberculosis. 


exposure: 


Among 156 of the controls, 68, or 43 per cent, reacted posi- 
Thirteen per cent of those giving a positive 


In the BCG group 22 per cent reacted 
positively, and 7 per cent of the positively reacting ones died of tuberculo- 
sis before finishing the twelfth month. 

Let us examine the hypersensitiveness to tuberculin according to 


Tuberculin tests of BCG babies who are over one year of age 


EXPOSURE TO 
POSITIVE 
SPUTUM 


EXPOSURE TO 
NEGATIVE 
SPUTUM 


NO EXPOSURE 


Positive Mantoux test 
Negative Mantoux test 
Changing Mantoux test 


per cent 
29 
59 
14 


per cent 
27 
46 
27 


per cent 


13 
79 
8 


| 

Negative 1 3 6 

| 

| 

| 


ORAL VACCINATION WITH BCG 


Tuberculin tests of controls older than one year according to exposure 


EXPOSURE TO 
NEGATIVE NO EXPOSURE 
SPUTUM 


EXPOSURE TO 
POSITIVE SPUTUM 


Number Number] Rate 


Rate 


Number 


Rate 


per cent per cent per cent 
Positive Mantoux test 47 58 13 25 6 23 
33 42 35 65 16 62 
Changing Mantoux test. 0 0 5 10 4; 15 


All of the BCG babies included in the above tables, except 11, were 
tuberculin tested more than once. As is seen, the hypersensitiveness 
to tuberculin is about twice as frequent in the control group as among the 
vaccinated children in open tuberculous families. The highest positive 
Mantoux percentage occurs both among the controls and vaccinated 
babies in open tuberculous families. The greatest frequency of negative 
Mantoux tests is to be seen in the nonexposed group. The highest num- 
ber of changing tests occurs among the BCG babies of negative-sputum 
families and among the controls in the nonexposed group. Once in a 
while some of the changing Mantoux tests might bedue tothe fact that we 
interpret pseudoreactions as positive ones. But some of the changing 
Mantoux tests are possibly the result of the temporary hypersensitiveness 
due to the BCG vaccine itself. Whether the steady hypersensitiveness 
is a result of the BCG vaccine itself or of outside tuberculous infection is 
an open question. This is the point where the effectiveness of the BCG 
vaccine is attacked by those who do not believe in immunity without 
hypersensitiveness. According to these workers, only the positively 
reacting BCG vaccinated babies can be expected to have some resistance 
against tuberculosis. The way to decide this question is to follow up the 
cases and compare the tuberculosis mortality of the vaccinated babies 
having positive and negative Mantoux tests with the tuberculosis mortality 
rate of the controls. 

We had the opportunity to make a few interesting observations among 
our babies. We could not find any particular difference in regard to the 
source of infection. We found that the father’s tuberculosis is equally 
dangerous for the baby at such an early age as the mother’s tuberculosis, 
though she is as a rule in closer contact with the infant. The apparently 
continuously negative sputum of a tuberculous member does not warrant 
complete certainty that the sputum never contains bacilli and does not 
infect the very sensitive infant. 
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X-Ray Examinations 


The vaccinated babies and the controls are examined frequently 
by X-ray, the picture in the majority of cases confirming the skin tests. 
A contradiction between the two was very rare, but in such instances we 
depended more on the Mantoux reaction. We very seldom found any 
other X-ray findings than an enlarged hilum shadow. The latter is 
often enlarged even in the first month. Among the vaccinated babies this 
might be due to the lymph-node infection produced by the BCG, but a 
definite answer cannot be given, as the hilum-shadow enlargement 
is not present in every BCG child. Moreover, it is most difficult 
at any rate to interpret our X-ray findings at such an early age, since the 
position of the child and the phase of expiration or inspiration while the 
picture is taken are of great importance and might mislead us in making 
a correct roentgen diagnosis. 

The controls were X-rayed frequently also. It is interesting to note 
that among those who died later of some form of tuberculosis quite 
a number had parenchymal X-ray changes in the lungs which, as is well 
known, is extremely rare at such an early age. Inournegative Mantoux- 
test group it hardly ever occurred. So we have to stress the serious prog- 
nostic value of parenchymal X-ray pathological changes in infants. 


Differential Blood Counts 


Differential blood counts were made in 10 cases during the time 
of vaccination. In the first ten days of life a 50 per cent lymphocytosis is 
considered as approximately normal. In the 10 cases a higher ratio, 
about 70 per cent, was observed. It might be that this rise is due to a 
cellular response to the bacilli in the vaccine. But the blood picture in 
the first few days of life is so changeable that it is hard to draw definite 
conclusions. 


Excretion of BCG Bacilli 


In 7 cases in which we could get definite data on the time of the passing 
of stools after vaccination, we found that the bacilli were excreted with 
the faeces between approximately the eighth and thirty-first hours after 
the administration of the vaccine. However, we believe that the bacilli 
which are eliminated from the alimentary canal are of no danger to others 
because they are so greatly attenuated. (We are indebted to Miss 
Mishulow for these examinations.) 
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4: DURATION OF THE IMMUNITY 


No one has scientifically determined the duration of the immunity. 
Our cases are not yet old enough to supply material for an answer. Cal- 
mette believes that the effect of the vaccine diminishes by the end of the 
first twelve months; therefore, he suggests revaccination by the same 
oral method at the end of the first and third years. We did this at the 
end of the first year on ten of our babies without any noticeable reaction. 
Recently Calmette advocates subcutaneous revaccination in cases of 
negative hypersensitiveness. We have no experience with this method as 
yet. 


THE FUTURE OF BCG VACCINATION . 


One of our greatest difficulties is to find some method by which we 
are able to prove the mechanism of the oral BCG vaccination. A bacter- 
iological, serological, biological or clinical procedure that would indicate 
how much of the given vaccine is really resorbed and how great may be 
the amount of immunity that we are giving to our babies has not yet 
been found. This lack of any definite check-up method is the weak point 
of the whole oral BCG vaccination. This is the reason why there is a 
tendency to change from the oral method to the subcutaneous or 
intracutaneous BCG vaccination. We also think that these methods 
are superior to the oral one because: 

1: We can be more sure in our dosage, if we do not have to depend on 
resorption from the intestinal canal which is not under our control. 

2: The intracutaneous or subcutaneous BCG vaccination conveys 
hypersensitiveness in animals and human beings to tuberculin in almost 
100 per cent of the cases, and this gives a greater feeling of security 
in regard to immunity. 

3: The subcutaneous or intracutaneous method is not limited to the 
newborn, but can be used at any age provided the patient is free from 
tuberculosis. 

From a consideration of all these points, in the immediate future we 
are going to try out these methods in New York City. 


SUMMARY 


From our limited experience we might say in conclusion: 
1. Oral BCG vaccination is relatively simple. 

2. It is harmless. 

3. It gives some immunity. 

4, The degree and duration of immunity cannot be determined as vet. 
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AN EVALUATION OF THE LEUCOCYTIC REACTION 
IN THE BLOOD AS FOUND IN CASES OF 
TUBERCULOSIS 


E. M. MEDLAR! 


The leucocytic reaction in the tuberculous has been the subject of 
investigation by a large number of authors. The volume of literature 
on the subject is so large that a critical and complete review of the 
conclusions drawn by the various investigators could be material for a 
paper on the subject. It is not the purpose of the present report to 
enter into the views held by others, except in a few instances when such 
views coincide or are at variance with the views that will be presented 
in this article. 

Since 1926 the author has studied tuberculosis cases by doing weekly 
total and differential leucocyte counts. To date one hundred and 
twenty cases have been studied. All the cases have had weekly counts 
done for at least three months. The large majority have been so studied 
for from nine months to two and one-half years. During this time over 
ten thousand blood counts have been done. The author has done all 
of the differential counts and about three-fourths of the total counts. 
The remainder of the total counts have been done by a well-trained tech- 
nician. For uniformity of technique the author felt it desirable that 
one individual should do as much of the work asgpossible, 

All of the cases in this study, except as noted to the contrary, were 
diagnosed clinically as definite cases of tuberculosis. The author knew 
nothing relative to the extent or type of tuberculosis as judged by the 
clinical findings and roentgenographs. After completion of the study 
it was found that the cases were nearly all moderately or far advanced. 
Several of these cases had intestinal as well as pulmonary tuberculosis. 
Less than half a dozen cases of incipient tuberculosis were in the group. 

The technique used was as simple and as rapid as possible and still 
maintaining a fair degree of accuracy. In all the counts certified 
pipettes and counting chambers have been used, and the blood has been 
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diluted twenty times. The pipettes were shaken two minutes when the 
blood was first diluted, and another two minutes just before the total 
counts were made Double Levy counting chambers were used. Two 
samples from every pipette were used, with a discard of three drops of 
blood before taking the first sample, and a further discard of three drops 
before the second sample was taken. In each chamber two squares, 
diagonally opposite, were counted. For the total count the average of 
the four large squares was taken. 

For the differential counts the smears were made on no. 2 cover-slips. 
In making the smear the cover-slip was moved across the drop of blood 
on the finger so that a streak about 2 mm. wide was obtained. The 
other cover-slip was then adjusted so that the blood spread in a straight 
line, not in a circle. The smears were all stained with Wright’s blood 
stain. Four hundred cells were counted in each smear. The counting 
was done with the use of the high dry objective and a number ten ocular. 
The cells were counted from edge to edge of the smear in the same 
direction as the blood flowed when spread. 

Blood was taken from the finger tip in the large majority of instances. 
A moderate number of samples was taken from the ear. No difference 
was found in the blood from these two places, and because of the ease 
of manipulation the finger was preferred as the place from which to 
obtain the blood. Samples were not taken unless there was free-flowing 
blood. 

The grouping of the cells in the differential count was that usually 
used, that is, neutrophiles, eosinophiles, basophiles, lymphocytes (large 
and small), and mononuclears (monocytes, large mononuclears, transi- 
tional types, endothelial leucocytes.) The only possible difficulty in 
grouping cells in this way may arise in deciding which cells are large 
lymphocytes and which are large mononuclears. As a criterion for 
placing cells in the latter group we have relied on the cell having a muddy 
blue cytoplasm with faint but definite granulations. The size of these 
cells and the nuclear shapes vary considerably, so that it was deemed 
best to rely on the cytoplasmic structure as the guide in the classifica- 
tion. Even then an occasional cell was found difficult to designate, but 
this error in counting 400 cells will be less than two per cent in any 
smear. Plate 1 shows photomicrographs of mononuclears to demon- 
strate the great variation in size and nuclear shape. 

As the mode for the normal leucocytic formula for the adult we use 
in this article that reported in a recent publication (1). On analysis 
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of our counts it was found that 172 total counts were between 6,000 and 
9,000, with 57 counts above 9,000 and 12 below 6,000. On further 
analysis of the 172 counts which we considered as the normal mode it was 
found that 83 per cent had less than 5,000 neutrophiles, 87 per cent 
more than 2,000 lymphocytes, and 83 per cent less than 700 mononuclear 
leucocytes. In all the charts included in this article we have used as 
base-lines 5,000 for neutrophiles, 2,000 for lymphoctyes and 700 for 
mononuclears. When in these charts the neutrophiles are above 5,000 
and the mononuclears are above 700 there is definite evidence of increase 
of these cells in the circulation. When the lymphocytes are at or below 


PLATE 1 


Photomicrographs of neutrophiles, lymphocytes and mononuclear leucocytes from a case 
of acute pulmonary tuberculosis in a female, age 19. At the time the blood-smears were 
obtained the leucocyte count was as follows: Total 13,200; neutrophiles 61 per cent; lymph- 
ocytes 13 per cent; mononuclear leucocytes 22 per cent; eosinophiles 3 per cent; basophiles 
1 per cent. All cells are magnified 840 times. Cells numbered from 1 to 15 inclusive are all 
neutrophiles. Numbers 16 to 23 are all lymphocytes. Numbers 24 to 42 are mononuclear 
leucocytes. Cell number 20 is classed as a lymphocyte because it had blue clear cytoplasm 
without granules. This is the type of cell whose designation is uncertain. It cannot be 
denied that it may be the stem-cell from which mononuclear leucocytes develop, but it 
has not the type of cytoplasm which is common to all the mononuclear leucocytes shown. 
Cells 29 and 31 differ from 20 in that the cytoplasm was muddy blue, with many fine reddish 
granules. Cells 21 and 23 are lymphocytes with many azurophilic granules. Cell number 
8 is a young neutrophile with a small oval nucleus and a typical neutrophilic cytoplasm. 
Note that nearly all of the neutrophiles show very little evidence of lobulation of the nucleus. 
This count shows a marked shift to the left according to the Arneth count. Although there 
was but 61 per cent of neutrophiles, one would know that there is an abnormal demand for 
these cells from the fact that the majority of them fail to show 3 or more nuclear lobes. 
Note also the great variety of nuclear shapes in the mononuclear leucocytes, from the oval 
shapes shown in 29 and 31 to the horseshoe shape in 27 and 40, and to the bilobed nucleus 
in 42. This case succumbed to her infection two months after this blood count was done. 


2,000 there are fewer of these cells in the circulation than normal. The 
reason for adopting these base-lines will appear in the discussion. 

All of our blood samples were taken between 8:30 and 10:00 a.m. 
In our report of the leucocytes in normal individuals referred to above 
(1) we found that there could be a variation of 50 per cent in the total 
count and 10 per cent in the differential percentage in less than half an 
hour. To determine how much of a variation could occur in the leuco- 
cytic formula of our tuberculosis cases, four patients were chosen on 
whom blood counts were done every ten minutes from 8:30 to 10:00 
A.M. Two of these were strictly bed-cases. The other two were 
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allowed exercise late in the morning and afternoon, but during the period 
of this observation they were bed-patients. All of them had been 
followed for months and they were chosen for this special study because 
no. 1 had run a low total count consistently, no. 2 had had a totalcount 
within normal limits most of the time, no. 3 had consistently run a mild 
leucocytosis, and no. 4 always had a decided leucocytosis. From this 
study it was found that there was as great variation in the total counts 
in the tuberculosis cases as in normal individuals. There was less 
variation in the differential counts than in the normal individuals, the 
greatest variation being 7 per cent. The author took all of the blood 
samples and did all of the counts. The counts were “staggered” by a 
technician so that the sequence of events was not known until the work 
had been completed. The graphs of this study are shown in chart I. 
Suffice to say that this variation, when recognized as being a fairly con- 
stant factor, does not in any way hinder the essential interpretation of 
the leucocytic reaction found in tuberculosis cases. 

It is not essential to include in this report all the cases studied. In- 
stead, 16 cases have been chosen to illustrate the various types of leuco- 
cytic reactions encountered. ‘These cases all have graphs of their leu- 
cocyte record in charts II, II and IV. These graphs are all made to the 
same scale and show the weekly total neutrophiles, lymphocytes and 
mononuclears. In order that the graphs might be as simple as possible, 
the eosinophiles and basophiles have not been included. 

Before proceeding to the brief clinical abstracts of the cases we will 
state briefly the réle that the three cell types, shown in the graphs, play 
in the tuberculous process. In previous articles (2) (3) we have stated 
in detail the results of studies of the pathogenesis of tuberculosis. The 
mononuclear leucocytes (the epithelioid cell of the tubercle being the 
mononuclear leucocyte of the circulation) forms the primary tubercle, 
and takes a large part in the repair of the tuberculous lesion following 
caseation. The neutrophile is the chief cell in the formation of tuber- 
culous abscesses, which, when they rupture and discharge, leave 
cavities or ulcers. As long as these ulcers and cavities continue to 
enlarge the neutrophile continues to play a very prominent réle. If the 
tuberculous abscess does not rupture, but, instead, undergoes caseation 
and becomes walled off, the neutrophile ceases to play a significant part. 
The lymphocytes appear in the process as the predominant cell only 
when the lesion (primary tubercle, caseous tubercle or ulcerated lesion) 
is in the healing stage. These cells remain in the healing or healed 
area long after the other leucocytes have ceased to play a part. 
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The clinical abstracts given below have been made brief. In the 
abstracts the numbers /, 2, 3, etc., refer to lines drawn in the leucocytic 
graph of the case in order that the leucocytic picture may easily be com- 
pared with the clinical status of the case at that date. 


Case Kr., male, age 27. Admitted May, 1927. Diagnosis: F.A. (R&P): 
Turban ITIC: R.III, L.II. Entrance Complaints: Abdominal pain, loss of 
6 lbs. during last few months, cough with slight expectoration. Sputum 
positive. 

(1) August, 1927. Patient has had rather stormy course since admission. 
Considerable clinical improvement at present. Sputum negative. Sedimen- 
tation 32 per cent. 

(2) December, 1927. Clinical progress favorable. X-ray shows marked 
intrapulmonary clearing in both lungs. Impression—very favorable. Sedi- 
mentation 30 percent. Sputum positive. T.andP.normal. Gain in weight 
5kgm. Patient transferred to wards and allowed to go to meals. 

(3) January, 1928. Patient returned to infirmary because of exacerbation 
of clinical symptoms. Some loss in weight. Elevation of pulse and tempera- 
ture. Condition unfavorable clinically. 

(4) March, 1928. No change in X-ray findings. T. and P. normal during 
month except for one day. Sputum positive. 

(5) April, 1928. X-ray shows a definite increase in both lungs. Sputum 
positive. Sedimentation 29 percent. Loss in weight of 3 kgm. 

(6) September, 1928. X-ray shows some clearing. Clinical condition 
stationary. Gain of 4 kgm. Sputum negative. T. and P. normal. Sedi- 
mentation 11 per cent. 

(7) December, 1928. X-ray shows no change. Loss of 1 kgm. Slight 
clinical improvement. T. and P. normal. Sputum negative. 

(8) March, 1929. Weight stationary. Sputum negative. T. and P. 
normal. Abdominal symptoms are more severe than for some months. 


A glance at the leucocytic graph will show that the neutrophiles and 
mononuclear leucocytes have been in increased demand all of the time. 
The lymphocytes have, on the other hand, fluctuated above and below 
the lower limit of normal. Interpreted on the basis of the function 
of each of these cell types in the tuberculous process, one may state 
that there is evidence of progressive tubercle-formation, with the tuber- 
cles undergoing abscess-formation, and that there is no consistent 
evidence that the tuberculous process, as a whole, is progressing toward 
the healing stage. Note that there is no significant change in the 
leucocytic reaction at the time when the clinical and roentgenographic 
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findings indicated improvement. Note the crossing and recrossing of 
the lymphocytes and mononuclears. In this case this phenomenon is 
due to the great increase of mononuclears rather than to a marked 
decrease in lymphocytes. 


Case Ma., female, age 24. Admitted December, 1926. Diagnosis: F.A. 
(R&P): Turban IIC: R.O., L.II. Entrance Complaints: Pleurisy with effu- 
sion, cough with expectoration, fatigue and loss of weight. Sputum positive 
for tubercle bacilli. 

Artificial pneumothorax instituted in February, 1927, with complete col- 
lapse by April. Tuberculous laryngitis has developed. Spontaneous pneumo- 
thorax developed in April. A loss of over 10 kgm. in weight since December, 
1926. 

(1) September, 1927. Patient seems to be slightly better. Sputum has 
decreased in amount and is negative for tubercle bacilli. Gain of 3 kgm. 
T. 98.6° to 99.6°, P. 80 to 120. Sedimentation 44 per cent. 

(2) January, 1928. There has been a gradual accumulation of fluid in the 
right pleural cavity; 2000 cc. of purulent fluid removed. Culture and smear 
showed only tubercle bacilli. There has been gradual and steady clinical 
improvement, with gain of 9.5 kgm. X-ray favorable. Alpine-lamp therapy 
instituted. Sputum increased but negative for tubercle bacilli. T. 98°- 
101°, P. 80-110. Sedimentation 15 per cent. 

(3) April, 1928. No change in physical findings. General condition 
indicates improvement. X-ray shows decrease of fluid over the previous 
month. Sputum positive. Weight now normal, there having been a further 
gain of 5 kgm. in three months. P. 80-100. Temperature ranges within 
normal. Sedimentation 33 per cent. 

(4) July, 1928. Clinical findings and X-ray show spread of the tuberculous 
process to the right side. Weight has increased to 5 kgm. above normal, 
and sputum to 50 gm. daily and is positive for tubercle bacilli. T. 98°-101°, 
P. 80-110. Sedimentation 54 per cent. 

(5) October, 1928. There is a marked increase of physical findings on right 
side. X-ray shows large cavity near apex. The fluid in the left chesth as 
drained spontaneously through a bronchial fistula. Weight normal. T. 
99.6°-102°, P. 80-120. Sputum decreased in amount, but is positive. 

From this time on there was a gradual decline with increasing symptoms. 
Death occurred in April, 1929. 


The leucocytic graph shows an increased demand for neutrophiles at all 
times, with a greater demand prior to the spread of the process in July, 
1928. The mononuclears were increased at all times and the lympho- 
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cytes were below normal. Note the crossing and recrossing of the 
lymphocytes and mononuclears. In this case this phenomenon is due 
more to the decrease of lymphocytes than to a marked increase of mono- 
nuclear leucocytes. This case has had a septic leucocytic reaction 
constantly, and has given no evidence of healing of the tuberculous 
process. During the period of clinical improvement and gain in weight 
there was no essential change in the leucocytic picture. 


Case Ba., male, age 34. Admitted October, 1924. Diagnosis: Incipient (R): 
Turban IA: R.O,L.I. Entrance complaints were loss of weight and migratory 
abdominal pains. During residence pulse and temperature were normal. 
With dietary regulations the case improved. Discharged April, 1925: Diag- 
nosis: Incipient (apparently arrested) Turban I: R.O, L.I. 

Readmitted in May, 1927. In April, 1927, the patient was operated upon 
because of acute abdominal symptoms. Operation disclosed a tuberculous 
peritonitis with adhesions and fluid. 

(1) December, 1927. The patient became seriously ill with acute ab- 
dominal symptoms. T. 101°, P. 100. Operation was deemed unwise. The 
clinical symptoms gradually subsided in about a month. 

(2) March, 1928. There was a recurrence of abdominal symptoms. In 
about 10 days all symptoms had disappeared. At this time X-ray showed 
some increase of pulmonary shadows. The remainder of hospitalization was 
uneventful. During residence there was a gain of 15 kgm. in weight. 

Discharged October, 1928. Diagnosis: F. A. (Quiescent): complication— 
tuberculous enteritis: Turban IIB: R.I, L.II. 


The leucocytic graph in this case shows an increase over normal of all 
leucocytic types, with the greatest increase of lymphocytes during the 
first few months. The most interesting part of the graph is the propor- 
tional increase of neutrophiles and decrease of lymphocytes two months 
and one month before the advent of the clinical manifestations of an 
exacerbation of the disease. At these times there was no evidence 
clinically that the pathological process was exacerbated. Note, also, 
that there was a gradual rise in the neutrophiles prior to the clinical 
exacerbations in December and March. This case was deceiving if one 
were to rely upon the differential percentages or upon the lymphocyte- 
monocyte ratio, except at the time of the acute clinical manifestations. 
The case constantly ran a total leucocyte count above normal and shows 
wherein the use of the total of each leucocyte type is the best guide. 
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Case Sh., male, age 42. This is a nontuberculous case. The chief symptoms 
were abdominal with evidence of partial intestinal obstruction. X-ray showed 
a stricture of the small bowel at the ileocaecal region. At operation a tumor 
mass was found to be projecting from the mesentery into the lumen of the small 
gut. Pathological examination of the resected gut showed a lipoma with large 
areas of necrosis. The necrotic areas showed acute inflammatory changes. 
No evidence of tuberculosis was found. 

(1) Blood counts for five months prior to operation. 

(2) Blood counts for three months beginning one month after the operation. 
Convalescence following operation was rapid and uneventful. A gain in weight 
of over 10 kgm. was made in less than three months, and the old abdominal 
complaints had disappeared. 


The leucocytic graph prior to operation was septic in nature on all counts. 
This may be accounted for by the necrosis of the lipoma. Note the 
crossing and recrossing of lymphocytes and monocytes. The lympho- 
cyte-monocyte ratio is very similar to that seen in many cases of tuber- 
culosis, and yet this is a nontuberculous case. This would suggest 
that the change in the lymphocyte-monocyte ratio is not in any way 
specific for tuberculosis. Following the operation the leucocytic picture 


returned markedly toward normal, but had not reached a stable normal 
level at the time of discharge. 


Case Pi., male, age 37. Admitted December, 1926. Diagnosis: Incipient 
(R&P): Turban IA: R.I., L.O. Entrance Complaints: Morning cough and 
expectoration, some dyspnoea and fatigue. Weight 8 per cent below normal. 
Following an attack of pain in the right upper chest and shoulder in December, 
1926, a haemorrhage occurred. Tonsils removed in June, 1927. Chronic 
abdominal complaints developed during residence, and a diagnosis of chronic 
appendicitis was made. By March the weight was normal, and physical ex- 
aminations were negative. Sputum negative on smear and by guinea pig, 
using a concentrated 24-hour specimen. Pulse and temperature always 
normal. 

(1) August, 1927. Since March there has been a loss of 4.5 kgm. _Clini- 
cal improvement has been excellent. Patient is doing light work. Tempera- 
ture and pulse normal. 

(2) November, 1927. Patient discharged. Sputum negative. Pulse and 
temperature normal. Diagnosis: Incipient (quiescent): Turban I: R.I., L.O. 

(3) Readmitted July, 1928. Diagnosis: M.A. (R): Turban IIA: R.I, 
L.I. In June patient had a persistent chest cold, with cough and copious 
expectoration. Physical signs present at both right and left apices. Sputum 
negative. T. and P. normal; 4 kgm. below normal weight. 
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(4) March, 1929. There has been gradual and steady clinical improvement. 
X-ray shows marked clearing, and is very favorable. Weight has increased to 
5 kgm. above normal. T.&P.normal. Sputum positive in December, 1928; 
otherwise negative. 


The leucocytic graph disagrees throughout with the clinical and X-ray 
data on the case. There was always an increase of neutrophiles and a 
decrease of lymphocytes. The mononuclears show considerable varia- 
tion. The leucocytic picture forecast with accuracy the subsequent 
history of the case. At present the leucocytic reaction shows no evi- 
dence of the tuberculous process healing, and in this does not agree with 
the X-ray and physical findings. 


Case Ge., male, age 40. Admitted January, 1927. Diagnosis: M.A. (R&P): 
Turban ITA; R.II, L.II. Entrance Complaints: Frequent colds, with cough 
and expectoration, loss of weight and marked fatigue. Sputum negative. 
Pleurisy with temperature of 101° six weeks ago. 

During residence patient gained 3.5 kgm., and made excellent physical 
improvement. X-ray remained unchanged. T. and P. have consistently 
remained within normal limits. Patient discharged in December, 1927. 
Diagnosis: M.A. (quiescent): Turban IT: R.I, L.I. 


The leucocytic graph in this case shows a consistent rise of lymphocytes 
without the mononuclears or neutrophiles playing much of a réle. It 
agrees very well with the clinical judgment in the case. 


Case Jo., male, age 38. Admitted August, 1927. Diagnosis: Incipient 
(R&P): Turban ITA: R.II, L.O. Entrance Complaints: Loss of 18 lbs. in 
weight during past three months. In June had a severe chest cold, which 
lasted several weeks, with cough and expectoration. 

During residence there was a steady gain in weight to 6 kgm. above normal. 
The sputum was consistently negative for tubercle bacilli. There was 
marked physical improvement with lessening of the physical findings and a 
clearing of the pulmonary shadows. Discharged May, 1928. Diagnosis: 
Incipient (quiescent): Turban O: R.I, L.O. 


The leucocytic graph corresponds very well with the clinical course of 
the case. Note thé drop in the neutrophiles shortly after admission 
to the sanatorium. ‘This we have noted in a number of cases. 


Case Lo., female, age 24. Admitted September, 1926. Diagnosis: M.A. 
(R&P): Turban IIB: R.II, L.II. Entrance Complainis: Cough, expectora- 
tion, easily fatigued. A small haemorrhage occurred a short time before ad- 
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mission. During residence weight fluctuated between 9 and 18 kgm. above 
normal. Expectoration varied in quantity, but always positive for tubercle 
bacilli. During May, June and July, 1928, temperature and pulse elevated. 
Otherwise T. and P. were within normal limits. 

(1) August, 1927. Condition not satisfactory according to physical 
findings. 

(2) October, 1927. Increased physical findings. Increased expectoration. 
Patient greatly worried over family matters. 

(3) January, 1928. General progress satisfactory in spite of extensive 
disease. 

(4) July, 1928. Severe haemorrhages occurred in June and again early in 
July; controlled by pneumothorax. Physical examination showed marked 
spread to left lung. Died July 15. 

Autopsy showed thin-walled cavity, 3 cm. in diameter, near right apex. 
Cavity contained small amount of clotted blood, and its surface was coated 
with thin layer of purulent material. There were two eroded haemorrhagic 
areas from which the haemorrhage occurred. ‘To one side of this cavity was 
a soft caseous area, which measured about 1 cm. in diameter. The right lung 
was well collapsed by the pneumothorax. The left lung, in the lower lobe 
and lower portion of the upper lobe, showed rather large areas of recent tuber- 
culous bronchopneumonia. There was also an old healing miliary tuberculo- 
sis, which involved both lungs, both kidneys, liver and spleen. A rheumatic 
endocarditis of the mitral valve was also found. 


The leucocytic graph shows that in all counts the neutrophiles are above 
normal, the lymphocytes are normal or decreased, and the mononuclears 
vary considerably. This case had a septic leucocyte count consistently. 
There is agreement between the blood and clinical findings in the main. 


Case Ro., female, age 24. Admitted July, 1927. Diagnosis: F.A. (R): 
Turban JIB: R. III, L.II. Entrance Complaints: A chest cold developed in 
December, 1926, and has persisted, fatigues easily, loss of weight, blood- 
streaked sputum in May, 1927, pains in right chest in July. Sputum positive. 

(1) August, 1927. Two small haemorrhages between August 20 and 28. 
Increased expectoration. Sputum positive. T. 97°-99°, P. 80-110. Sedi- 
mentation 17 per cent. 

(2) January, 1928, X-ray shows marked clearing. Clinical improvement 
excellent. Weight increased 10kgm. Sputum markedly decreased and nega- 
tive for tubercle bacilli. T. normal, P. 80-90. Sedimentation 11 per cent. 

(3) May, 1928. Further improvement clinically and by X-ray. Gain 
of 4 kgm. in weight. Sputum less and negative. T. and P. normal. 

(4) October, 1928. No change in X-ray. No clinical symptoms. No 
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rales. Weight stationary. Sputum negative. T. and P. normal. Sedi- 
mentation 7 per cent. 

(5) March, 1929. Further clearing of intrapulmonary shadows. Clini- 
cal findings negative. P.~-1d T. normal. On 30 minutes’ exercise. Expec- 
toration slight and negative for tubercle bacilli. Sedimentation 7 per cent. 


The leucocytic graph shows at first an increase of neutrophiles and of 
mononuclears, with a decrease of lymphocytes. Note the gradual change 
in the leucocytic picture, with decreasing neutrophiles and increasing 
lymphocytes and a slower but consistent decrease of mononuclears. 
This improvement in the leucocytic reaction corresponds very well with 
the clinical course of the case. The leucocytic graph shows that the 
tuberculous process is in the main tending toward the healing stage. 


Case Bl., male, age 37. Admitted March, 1927. Diagnosis: M.A. (R&P): 
Turban IIB: R.II, L.II. Entrance Complaints: Loss of weight, fatigue, 
anorexia, night-sweats, chest pains, low-grade fever in January, 1927. On 
admission, temperature 100° and pulse 90. 

(1) August, 1927. General condition improved. T. and P. normal. 
Expectoration slight. Sputum negative. Sedimentation 35 per cent. 

(2) December, 1927. X-ray shows definite clearing of shadows. Physical 
findings have varied from month to month. Patient given 30 minutes’ exer- 
cise. Gainof15kgm.sinceadmission. T.andP.normal. Sputum negative. 
Sedimentation 11 per cent. 

(3) April, 1928. X-ray shows some increase in left lung and no change in 
right lung. Physical signs more marked in both lungs. T. and P. normal. 
Further gain of 2.5 kgm. Sputum positive. No increase in expectoration. 
Sedimentation 7 per cent. 

(4) September, 1928. X-ray,—no change. Very little change in physical 
findings. General condition satisfactory. P. and T. normal. Sputum 
negative. 

(5) December, 1928. X-ray stationary. Physical findings less. Patient 
on 45 minutes’ exercise. General condition stationary. Sputum negative. 
P. and T. normal. Sedimentation 5 per cent. 

(5) March, 1929. X-ray shows increased shadows in the left lung. Physi- 
cal findings less. General condition satisfactory. Weight increased 5 kgm., 
making a total of 22.5 kgm. since admisslon. Sputum negative. T. and P. 
normal. Discharge Diagnosis: M. A. (improved): Turban IIB: R.II, L.II. 


The leucocytic graph shows a remarkably steady relationship between 
the three leucocyte types. The mononuclear leucocytes have been 
consistently above normal, with a tendency to decrease toward normal. 
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The neutrophiles have very rarely been increased, and then but tem- 
porarily. The lymphocytes have very rarely been at the lower limit of 
normal, and on the whole have been above normal. There is evidence 
of new tubercle-formation, but none:mf the tuberculous process under- 
going abscess-formation. The increase of lymphocytes indicates a 
tendency for the tuberculous process as a whole to tend toward a healing 
stage. This is an excellent example of the hyperplastic type of tuber- 
culosis. 


Case Ha., male, age 33. Admitted July, 1925. Diagnosis: M. A. (R): Tur- 
ban IB: R.I, L.O. Admitted because of haemoptysis. X-ray showed some 
increase during residence. General condition much improved. Discharged 
November, 1925. Diagnosis: M.A. (R) (improved): Turban I: R.I, L.I. 

Readmitted January, 1926. Diagnosis: M.A. (R&P): Turban ITB: R.II, 
L.O. On previous discharge the patient attempted light work. This aggra- 
vated the old symptoms and gave rise to several small haemoptyses. Sputum 
increased in amount and positive for tubercle bacilli. Pneumothorax was 
attempted but was discontinued because of severe clinical reactions. 

(1) Discharged May, 1927. Diagnosis: F.A. (pneumothorax): Turban 
III: R.III, L.O. Marked physical improvement during hospitalization. 

(2) Readmitted May, 1928. Diagnosis: F.A. (R&P): Turban IIIC: 
L.II. Admission Symptoms: Fever, increased expectoration, pleurisy, 
loss of weight, and fatigue. X-ray shows definite increase in both lungs. 

(3) There were several small haemorrhages and blood-streaked sputum 
from May 24 to June 25. T. 99°-101°, P. 70-100. 

(4) December, 1928. There is definite clinical improvement, with lessened 
chest findings. X-ray shows slight clearing of shadows in both lungs. T. 
and P. normal. 


The leucocytic graph shows periods in which the neutrophiles have been 
increased without any clinical symptoms. Note the persistent increase 
of the neutrophiles for a month before the last clinical exacerbation and 
two months before the occurrence of the hemorrhages. At this time 
note also the crossing and recrossing of the lymphocytes and mono- 
nuclears. On the whole the lymphocytes are below normal. This 
indicates that in spite of the periods of clinical improvement there is 
no definite evidence, as given by the leucocytes, that the tuberculous 
process is tending toward a healing stage. This case illustrates very 
well the inability of the patient to establish a condition conducive to the 
healing of his tuberculosis, although the periods of clinical improvement 
would suggest a tendency to overcome the infection. Compare the 
graph in this case with that of case Ro. 
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Case Du., male, age 18. Admitted January, 1925. Diagnosis: Incipient 
(R), R.I., L.O. Entrance Complaints: Functional cardiac disturbance, and 
recent attack of pleurisy with effusion. Had clinical reaction to 0.1 mgm. of 
tuberculin given subcutaneously; no pulmonary focal reaction. Discharged 
in September, 1925, with diagnosis of incipient tuberculosis (quiescent) and 
hyperthyroidism (unimproved.) 

Readmitted April, 1927. Diagnosis: M.A. (R): Turban IB: R.I. L.O. 
Entrance Complaints: Morning cough with expectoration, sputum blood- 
streaked on two occasions, loss of weight, malaise. On admission tempera- 
ture was 99.8° and pulse 96. Patient was 17 per cent below normal weight. 
There were definite physical findings at the right apex. 

During residence the disease steadily progressed, and the physical condition 
of the patient gradually became worse. Discharged October, 1928. Diagno- 
sis: F.A. (R&P) (unimproved): Turban III: R.II, L.II. 

(1) July, 1927. There has been a gain of 5 kgm. Sedimentation 21 per 
cent. 

(2) December, 1927. X-ray shows definite increase. Sputum negative. 

(3) March, 1928. X-ray shows further spread of process in both lungs. 
Sputum negative. Gain of 3kgm. Sedimentation 14 per cent. 

(4) September, 1928. X-ray shows further spread of disease. Sputum 
positive. Loss of 5 kgm. 

Patient died in April, 1929, at his home. 


The leucocytic graph is not as striking in some respects as one would 
have expected from the clinical progress and X-ray findings of the case. 
At first there was a definite increase of lymphocytes, but toward the end 
of the study these cells had fallen to a level far below normal. The 
great increase of mononuclear leucocytes throughout the study is very 
striking. At times these cells rose to 19 per cent in the differential 
count. The majority of the counts show a greater number of neutro- 
philes than normal, but from the continued spread of the disease process one 
would have expected to find a leucocytic graph like Case Kr. or Case Ma. 
This is a case which held a leucocytic picture of the hyperplastic type 
for a long period. Before discharge from the sanatorium the leucocytic 
picture had become septic in type. 


Case Pa., male, age 29. Admitted December, 1924. Diagnosis: F.A. 
(R&P): Turban IIIC: R.III, L.I. Entrance Complaints: Weakness, fatigue, 
loss of 26 lbs., cough, and expectoration. 

During residence weight increased to 5 kgm. above normal and then re- 
mained stationary. Sputum positive (Gaffky I) on six examinations out of 
thirty. Marked clinical improvement with decrease in physical findings. 
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Fistula-in-ano developed. Pulse and temperature remained normal except 
for a rare slight increase. Discharged November, 1926. Diagnosis: F. A. 
(quiescent): Turban IIT: R. III, L.I. 

Readmitted August, 1927. Diagnosis: F. A. (R&P): Turban IIIA: R.II, 
L.II. Entrance Complaints: A chest cold, with cough and fever, developed 
in May, and persisted for two weeks. The fistula-in-ano returned recently. 

During residence the sputum was negative. Temperature and pulse were 
normal. Fistula-in-ano improved. Physical findings did not change except 
for some decrease in moisture. Discharged December, 1927. Diagnosis: 
F.A. (improved): Turban III: R.II, L.iI. 


The leucocytic graph in this case shows a constant increase of lympho- 
cytes, a slight increase of mononuclears and no increase of neutrophiles. 
There is slight evidence of tubercle-formation with no evidence of ab- 
scess-formation. The process as a whole shows a marked trend toward 


the healing phase. 


Case Wo., male, age 29. Admitted January, 1928. Diagnosis: F.A. (R&P): 
Turban IIIA: R.II, L.II. This case was discovered by a chance roentgeno- 
graph. No definite history of tuberculosis. History of slight morning expec- 
toration. X-ray showed old thick-walled cavity at right apex. Weight in- 
creased 14kgm.in four months. T. and P. have been within normal limits at 
all times. Physical improvement was marked while a patient. 

(1) March, 1928. Discharged as patient and employed on medical staff. 
Physical examination shows increase in rales. Sputum positive for tubercle 
bacilli (Gaffky VII). This was the only positive sputum obtained. 

(2) May, 1928. Physical examination shows increase of moisture in both 
lungs. X-ray shows no change. 

For the past six months the case has been doing part-time work as physician 
on the staff. There has been no evidence of increase of tuberculosis by X-ray, 
physical examination, or clinical manifestations. 


The leucocytic graph shows the neutrophiles well within normal, except 
when indiscretion is used, such as a week-end trip to a large city. Thus 
no evidence of the tuberculous process undergoing abscess-formation is 
seen, The mononuclear leucocytes are above normal, in spite of the 
fact that the total leucocyte count has rarely been above 7,000. This 
would indicate ‘that there is some new tubercle-formation. In the 
differential percentage the mononuclears have ranged from 10 to 20 
per cent. The lymphocytes have been below the lower limit of normal. 
This is due in part to the low total counts, but it is also due to the fact 
that in practically all differential counts they have been below 30 per 
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cent. At times there is evidence of lymphocytic increase, but to date 
this has been but temporary. There is, then, no evidence of a consistent 
trend toward a healing of the process. ‘The leucocytic record suggests 
that this case is one of a very sluggish hyperplastic type of the disease. 


Case Bu., female, age 21. Admitted June, 1927. Clinical Diagnosis: Sero- 
fibrinous pleurisy. X-ray impression was moderately advanced tuberculosis 
with pleural effusion. The patient had pneumonia with complications in 
April. Fever persisted for over three weeks and then dropped by crisis. 
Convalescence unsatisfactory. Pulse remained rapid and loss of weight 
continued. 

Pleural effusion still present in October, 1927. Bacteriological examination 
and guinea-pig inoculation of pleural fluid negative for tubercle bacilli. No 
clinical reaction to diagnostic tuberculin. Pulse from 80 to 120. On exercise 
pulse and temperature became elevated. In November, 1927, patient had 
small haemorrhage and blood-streaked sputum. Pleural pains were frequent. 

(1) April, 1928. Guinea pig inoculated with concentrated sputum positive 
for tuberculosis. X-ray showed marked increase in both lungs. T. and P. 
elevated. Loss of 5kgm. Sedimentation 17 per cent. 

(2) November, 1928. X-ray shows marked clearing. Pulse still rapid. 
Temperature rarely above 99. Weight stationary. Sputum negative. 
Physical findings have shown no change. 

(3) March, 1929. X-ray shows slightly more clearing. Physical findings 
relatively stationary. Pulse and temperature as before. General physical 
condition satisfactory. Sputum continues negative. Sedimentation 9 per 
cent. 


There has been no essential change in the leucocytes except that the 
total counts have tended to be lower after the first few months. Blood 
counts were not begun on this case until a definite diagnosis of tuber- 
culosis had been established. It is of interest that on admission the 
patient had a leucocytosis of a septic type, which was essentially the 
same as when regular blood counts were begun. The continuance of the 
septic leucocytic reaction would suggest that the essential tuberculous 
process had not changed in character, although there has occurred a 
lessening of clinical symptoms and considerable clearing of intrapul- 
monary shadows. 


Case Co., female, age 39. This case was diagnosed as M.A. (R&P): Turban 
II: R.II, L.I, in 1916. Treated in a sanatorium until 1920. During this 
period a pleural effusion developed and cleared. Patient also had hyperthy- 
roidism. On discharge diagnosed M.A. (improved): Turban II: R.II, L.I. 
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Since this date the patient has been married and has taken a four-year nurs- 
ing course without any return of her old trouble. 

In January, 1928, the case was admitted with severe cough, expectoration, 
and an elevation of pulse and temperature. X-ray showed M.A., R.II, L.II. 
Physical examination showed moderately advanced tuberculosis, with super- 
imposed acute bronchitis. Sputum negative for tubercle bacilli. Sedimenta- 
tion 40 per cent. 

(1) May, 1928. X-ray shows marked clearing when compared with the 
plates taken on admission. Recovery from acute bronchitis uneventful. 
All sputum examinations were negative for tubercle bacilli. Sedimentation 
6 per cent. Discharged to duty, and has since worked full time as a nurse 
with no return of symptoms. 


The leucocytic graph of this case was included to show the rapid return 
of the leucocytic picture to a steady course after the subsidence of the 
acute bronchitis. Note the proximity of the neutrophiles and lympho- 
cytes, with several crossings of these two cell graphs. Note also the 
tendency of the mononuclears to remain within normal limits. It is our 
impression that cases of tuberculosis that can establish and maintain 
this type of a leucocytic graph show a steady trend toward healing, 
with no evidence of abscess-formation and very little evidence of new 
tubercle-formation. 


DISCUSSION 


When an attempt is made to evaluate the leucocytic reaction which 
one finds in cases of tuberculosis one must recognize that there are 
numerous difficulties. In the first place, leucocytes of all the various 
types occur in the circulation of normal individuals. Such individuals 
have a fairly constant relationship between the percentages of the 
leucocytic types so long as the body tissues are in a normal healthy state. 
The leucocytic types are distinctly limited in number, so that only a 
limited variety of cells is available to combat a large variety of infectious 
and noninfectious agents that damage the living tissues. Consequently. 
all that one may expect to find, so far as the leucocytes are concerned, 
is a variation from normal of the total number of leucocytes and of the 
percentage relationships of the different leucocytic types to each other. 

Another point that must be clearly borne in mind is that the leucocytes 
respond to the type of damage done to the tissue and not to the infectious 
agent per se, just as abnormal leucocytic reactions occur in individuals 
with noninfectious damage to tissue as in individuals who are infected 


ae 
} 
i 
ae 
ihe 
9 
Re 


| 
; 
if 
if 
| 


334 E. M. MEDLAR 


with some definite pathogenic microdrganism. A case in point is that 
of a female with a large leiomyoma who had leucocyte counts up to 
30,000, with 90 per cent neutrophiles, and a fever to 102°. Blood 
cultures were negative. The tumor was removed, and promptly the 
leucocyte count came down to normal and the fever subsided. Micro- 
scopic examination of the tumor showed large areas of necrotic tumor 
tissue thickly infiltrated with neutrophiles. Bacteriological cultures 
were negative, and careful study of the areas of necrotic tissue showed no 
bacteria. Case Sh. also illustrates this point. Recently a case of hyper- 
nephroma with extensive pulmonary metastases showed a high septic 
leucocyte count. Blood cultures were negative. Necropsy showed 
large areas of necrotic tumor tissue. On microscopic examination these 
areas were found to be infiltrated with neutrophiles. No evidence of 
bacteria could be found in the areas. It is also known that nonseptic 
internal haemorrhages (intraperitoneal and intracranial), fractures of 
bones without infection, noninfectious infarction of heart muscle, and 
extensive burns of the skin will give leucocytic reactions indistinguishable 
from those found in cases of infection. From these considerations it 
would seem that merely the finding of an abnormal leucocytic reaction 
in an individual would be no clinching argument for the presence of an 
infection. 

Granting that the presence of an infectious process has been estab- 
lished, it is impossible to determine by the leucocytic response what the 
infectious agent is. Widely different bacteria will call forth a septic 
leucocytic reaction; for instance, Staphylococcus aureus and Bacillus 
coli communis. Other infectious agents will call forth a nonseptic 
leucocytic response; for instance, malaria and brucella abortus. From 
this it is evident that there is no leucocytic picture which is specific and 
therefore diagnostic for any specific infection. 

If the type of damage produced by any infectious agent were stable 
and called for but one, or at most two, types of leucocytes, then an inter- 
pretation of the leucocytic response in the circulation would be some- 
what simplified. However, we have shown that, in the tuberculous 
lesion, at one time the mononuclear leucocyte plays the chief rdéle, at 
another time the neutrophile predominates, and at still another time 
the lymphocyte plays the most prominent part. While it has not been 
proved, it would seem logical that this same change in the predominating 
leucocyte in the pathological process might occur in lesions produced by 
infectious agents other than the tubercle bacillus. If such be the case 


t 

| 

| 
| 
| 
| 

il 
| 
| 
4 
| 


LEUCOCYTIC REACTION IN TUBERCULOSIS 335 


then one may consider that changes, chemical perhaps, occur in the 
tissue which has been injured. In the repair of this damaged tissue it 
appears that the neutrophile assumes the chief réle in the most serious 
type of alteration of tissue, and the lymphocyte is engaged chiefly in 
the least serious type of alteration. In between these two extremes one 
would find types of alteration which are taken care of by the mononu- 
clears, the eosinophiles and the basophiles. Since there appears to be a 
fluctuation of the types of damage in the tissue it would seem that in 
any infectious disease all types of leucocytes may play a réle at some 
time or other. Hence there could be no specific leucocytic reaction for 
the disease as a whole, but rather a type of leucocyte reaction indicating 
the different phases of the process. Consequently one cannot pick out 
any one type, or any two types of leucocytes, and conclude that they 
tell the whole story of the process. We feel that one must take into 
consideration all of the leucocytes that can be shown to play any part 
in the pathogenesis of a pathological entity. In this respect we differ 
from the interpretation of Cunningham (4), e¢ al., who have concluded 
that the monocyte is the most important cell in the tuberculous process, 
and that the lymphocyte-monocyte ratio is the most important factor 
to be considered in the leucocytic formula of the tuberculous. 

Before any judgment may be placed upon a leucocytic reaction it is 
absolutely essential that a clinical diagnosis of the disease process be 
made. Since leucocytic reactions are not specific for any disease they 
cannot be diagnostic. In tuberculosis the leucocyte count may, and 
often does, tell that something abnormal is taking place within the body, 
but to attempt to diagnose the condition as tuberculosis by the leucocytic 
reaction is folly. If there is sufficient suggestion or proof on the clinical 
side and by roentgenographs to make a diagnosis of tuberculosis plausible 
or certain, then the leucocytic reaction will often give real information 
as to the type of reaction that is going on in the tuberculous process. 

After a diagnosis of tuberculosis has been established clinically, then 
the leucocytic reaction observed in the individual may be interpreted 
upon the pathogenesis of the disease. Unless the interpretation of the 
leucocytic reaction in the tuberculous is based wholly upon the pathology 
of the disease it is useless. If, however, one understands at what stage 
of the process the neutrophile, the mononuclear leucocyte and the 
lymphocyte appear, and what happens as a result of their participation 
in the process, then one is able to interpret with surprising accuracy 
the status of the tuberculous process as a whole. 
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The leucocytes in the circulation represent a general response to the 
disease process. When seen in the circulation they have not as yet 
taken any part in the pathological process. But they indicate accurately 
what type or types of cell are in greatest demand to handle the alteration 
or alterations present in the diseased areas. Thus at one time there may 
be the greatest demand for neutrophiles, while at another time the 
mononuclears are in chief demand, or the call may be chiefly for lympho- 
cytes. In many instances there may be an increased demand for all 
types of leucocytes. By taking the liberty of placing the leucocytes as 
one finds them in the circulation into the tuberculous lesions one may 
obtain a mental picture of what is going on. 

Since the leucocytic response is of a general nature it will give no 
clue as to where the focus or foci of disease are located. One would 
hardly expect to be able to locate the seat of the tuberculous process by 
the leucocytic reaction, for the pathogenesis of the disease is fundamen- 
tally the same in all tissues. 

To any one who has carefully studied large numbers of tuberculous 
lesions in a single autopsy it is common knowledge that these lesions 
represent all stages of the disease. Some lesions are healed, others are 
very young tubercles. And all stages between these two can be found. 
Because of this great variety of lesions one must use care in the inter- 
pretation of the disease process as shown by the leucocytes. However, 
it seems that the leucocytes are the nearest approach one may make to 
the lesions in the living body. It is because of this complexity of the 
disease that we have felt it necessary to consider the total leucocyte 
count together with the differential percentages. In other words, the 
total number of leucocytes of each type per cubic millimetre is the safest 
guide to use. Unless this is done a wrong impression will at times be 
gained. 

Case Ba. illustrates the above point. If one considered only the 
differential percentages in this case one would have found them normal, 
or, if anything, a slightly increased percentage of lymphocytes at times, 
and would have gained the impression that the pathological process was 
healing. However, the total count was always above normal and the 
total number of leucocytes of each type was greater than normal in 
most of the counts. In other words, there was an abnormal demand 
for all the leucocytes. And one would judge that the neutrophile, the 
lymphocyte and the mononuclear were all playing a part in the path- 
ological process. Since they do not all play a predominant réle in the 
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same lesion at the same time, one is led to the conclusion that part of 
the process is healing, as shown by the increased number of lymphocytes, 
and part is progressing, as shown by the abnormally high neutrophiles. 
From the clinical and pathological aspects the latter indication is of seri- 
ous import. And from the history of the case one can see in what 
respects the leucocytic reaction forewarned the clinical break that 
eventually became manifest. 

Tuberculous individuals may be infected with other bacteria, just as 
may individuals who have not tuberculosis. Consequently one must 
always bear in mind that the leucocytic reaction might be due to an 
infection other than tuberculosis. Fortunately other infectious diseases 
are usually of a more acute nature and run their course in a relatively 
short space of time, whereas the tuberculous process is one of long 
duration. If, then, one finds a sudden change in the leucocytic picture 
with the advent of a bronchitis or influenza the leucocytic reaction should 
revert to the same status as before the onset of the acute infection when 
the clinical symptoms abate. If this does not occur it is more than 
likely that the leucocytic change was due to an exacerbation of the 
tuberculous process than to what was diagnosed as bronchitis or influenza. 
Or, again, suppose that a tuberculous individual who has had chronic 
abdominal complaints suddenly develops symptoms of acute appendicitis. 
In case there occurs a sudden change in the leucocytic picture one would 
judge that acute appendicitis, nontuberculous, had developed. But if 
the leucocytic reaction was abnormal before, and did not show a great 
variation upon the advent of the acute symptoms, one would rightfully 
judge that there was an exacerbation of a tuberculous process in the 
region of the appendix. From what has been discussed above one must 
be aware that the leucocytes will not differentially diagnose between 
acute bronchitis and an increase of a pulmonary tuberculosis, or between 
an ordinary acute appendicitis and an exacerbation of an appendicitis 
due to a progressive tuberculous process. 

There is, however, one consideration which must be mentioned. 
Ordinary head colds and mild bronchitic infections were not found to 
alter appreciably the leucocytic formula in normal individuals whom we 
have studied during these infections. On various occasions during our 
study of tuberculous cases leucocyte counts have been taken during a 
mild upper-respiratory infection. In most instances one has not found 
any significant alteration in the leucocytic formula from what it was 
prior to the onset of the mild infection. In those instances in which the 
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infection was more severe there has been an alteration, such as a rise in 
neutrophiles, which has disappeared within a few days after the symp- 
toms of infection have disappeared. This change is well illustrated in 
the graph Co. 

In several instances we have taken leucocyte counts during an in- 
testinal upset caused by food, supposedly, and accompanied by vomiting 
and diarrhoea. In several of these instances there has been a considera- 
ble alteration in the leucocytic picture, chiefly by a rise in neutrophiles. 
Within a few days after the subsidence of the gastrointestinal upset the 
leucocytes have returned to the same status as before the abdominal 
trouble. One cannot reiterate too often that the leucocytes will not 
differentiate between damage to tissue as to whether it is caused by the 
tubercle bacillus, by another bacterium, or by noxious food. But if the 
damage is quickly disposed of, as is the case with most mild infections or 
food intoxications, the leucocytic alteration will promptly disappear, 
whereas if the process is one of chronicity, as is tuberculosis, the altera- 
tion will not change so quickly. 

From the above discussion it is readily apparent that one could hardly 
expect that all cases of tuberculosis would have the same leucocytic 
picture. From the pathogenesis of the disease one can readily under- 
stand that the leucocytic picture would be very different in the different 
phases of the process. And this is what one finds when sufficient cases 
have been studied. Since this is true, one must consider how each 
individual is handling his tuberculosis. Generalities cannot be used. 
Every one who has had much experience with tuberculosis has seen 
cases, with such a small amount of disease when first seen as to make 
diagnosis very uncertain, steadily progress to death within a year or 
two, while other individuals with moderately or far-advanced disease 
have lived for twenty years or more, and eventually died of something 
other than tuberculosis. It is in the understanding of how an individual 
is handling his infection that we have found the leucocytes to be of real 
value. 

Leucocyte graphs are more instructive than the figures for the total 
and differential counts. The following remarks will state our reasons 
for presenting the leucocytic record of each case as a graph for total 
neutrophiles, lymphocytes and mononuclear leucocytes: We believe 
that one should know what part each of these types plays in the tuber- 
culous lesion. If one considers only the monocyte and lymphocyte, 
as have Cunningham, e¢ al. (4), and Blackfan (5), then one forgets all 
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about the neutrophile and the significant part it plays in the tuberculous 
lesion. Webb and Gilbert (6) stress especially the lymphocytic per- 
centage and Arneth (7) draws attention to the left shift of the neutrophile. 
One may consider, as has Flinn (8), the lymphocyte-monocyte ratio and 
the lymphocyte-neutrophile ratio, but here one becomes so interested 
in the ratios that the real significance of each cell type is liable to be put 
in the background. In a large number of cases the differential relation- 
ship of the leucocytic types will tell the story, but in some cases they are 
deceiving. The total leucocyte counts are very variable, so that by 
themselves they give no information other than the volume of deranged 
tissue with which the leucocytes have to cope. Because of the various 
difficulties we have finally adopted as the best guide the total number of 
leucocytes of each type per cubic millimetre. Such a graph is suitable 
for all cases except those with marked leucopoenia. 

We realized that unless a base-line were established for the total 
leucocytes of each type the graphs would have but little meaning. To 
establish the base-lines we took into consideration the part played by 
each cell type in the tuberculous process. The factors to be considered 
were as follows: Is there any evidence of new tubercle-formation? Is 
there any evidence of the tuberculous lesions undergoing abscess-forma- 
tion which is liable to rupture and cause a considerable spread of the 
disease? Is there any evidence of the tuberculous process healing? In 
the leucocytic reaction the mononuclear leucocyte represents new tuber- 
cle-formation, the neutrophile connotes tuberculous abscess-formation, 
and the lymphocyte indicates healing of the tuberculous process. It is, 
then, of importance to determine whether there is an increase of neutro- 
philes and mononuclear leucocytes and a decrease of lymphocytes in the 
circulating blood. 

From our study of the leucocytes in normal individuals (1) we found 
that one could accept as the upper limit for neutrophiles a base-line at 
5,000 and for mononuclear leucocytes at 700. In the same way a base- 
line at 2,000 represents the lower limit of normal for the lymphocytes. 
In the graphs, if the neutrophiles are above 5,000, one may judge that 
tuberculous lesions are undergoing abscess-formation or that ulcerous 
tuberculous lesions are being extended. When the mononuclear leuco- 
cytes are above their base-line there is evidence of new tubercle-forma- 
tion. If the lymphocytes are at or below their base-line then one may 
judge that they are not playing a predominant réle in the tuberculous 
process, and, therefore, that the tuberculous lesions are not being healed. 
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The only logical way to determine whether the leucocytic reaction in 
the tuberculous is of real significance is to compare the interpretation of 
the leucocytic picture with the interpretation of the status of a case as 
judged by the clinical progress and by roentgenographic findings. In 
our study the cases on which blood counts were made were carefully 
studied by frequent clinical examinations and by bimonthly roentgeno- 
graphs. ‘These three branches of study were carried on independently. 
At the end of nine months, and again after the lapse of twenty-one 
months, the medical staff met to discuss the cases and to determine the 
value of the leucocytic interpretation. 

From the clinical abstracts of the cases given above it. will be seen 
that in the majority of the cases there was fairly close agreement be- 
tween the clinical progress of the case and the leucocytic interpretation. 
It-is of interest that one may, by a logical interpretation of the leucocyte 
picture, and without any knowledge of the actual clinical status of a 
case, accurately judge the progress of the case and be in agreement 
with the clinical judgment in a relatively high percentage of the cases. 
From a study of the cases presented it will be seen that there is not always 
an agreement, and herein lies the real test of the leucocytic interpreta- 
tion. It will be noted that in several of the cases there was not a change 
in the leucocytic reaction at the time when the clinical findings or the 
X-ray indicated a definite change in the progress of the case. To date 
several cases in which there was a disagreement between the leucocytic 
and the clinical interpretation have had clinical relapses. ‘This would 
tend to indicate that the interpretation from the aspect of the leucocytic 
picture was the more accurate indicator of the actual status of the tuber- 
culous process. There are also several cases in which there has been this 
same disagreement and in which over a period of more than a year there 
has not occurred a clinical relapse. Whether in these cases the leucocytic 
reaction indicates the real condition of the tuberculous process time only 
will tell. In this respect our findings do not wholly agree with those of 
Cunningham (9) and of Blackfan (5) in that they have found that the 
leucocytic changes correspond very closely with the clinical progress of 
the case. In some cases this is true, while in others there is adiscrepancy. 
At the present time it is our conviction that the leucocytes are a truer 
guide than clinical or roentgenographic findings in many cases. 

In a recent communication Flinn (10) states that it is his impression 
that the leucocytes are often the first indication of an exacerbation, the 
X-ray evidence appears later, and the clinical symptoms often appear 
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last of all. We are in accord with this impression from our own ex- 
perience. It hardly seems likely that a roentgenograph could cast a 
shadow until after sufficient pathological change has occurred to make a 
shadow possible. In most instances it is the accumulation of leucocytes 
that causes the shadow to appear, and the leucocytes certainly should be 
present in the circulation before they accumulate in the diseased lung 
tissue. The X-ray will show up fluid in the pleural space, but it will 
hardly tell the cellular content of the fluid. One point relative to 
roentgenographs is that one can hardly hope to tell by the shadows 
whether there is an accumulation of neutrophiles, of mononuclears or of 
lymphocytes. It makes a great deal of difference what type of cell 
predominates in the lesions as to the sequence of events later. 

Every one knows how silent, as far as clinical symptoms are concerned, 
a considerable amount of tuberculosis can be. Case Wo. shows this 
very well, for it was diagnosed as a far-advanced case from a chance 
X-ray, although the patient had never had any symptoms leading 
one to suspect the presence of a tuberculous infection. Evidence of 
extension of a tuberculous process is often demonstrated by a roentgeno- 
graph when there had been no exacerbation of clinical symptoms. 
From this we see no reason to raise an objection to the impression of 
Flinn that the clinical symptoms are often the last to appear. 

In this study it was found that gain in weight and decrease in pulse- 
rate or in temperature did not necessarily agree with the leucocytic 
picture. Individuals with the worst type of blood picture gained in 
weight, and did not show any great abnormality in temperature or in 
pulse-rate. In other cases loss of weight, fever and rapid pulse were 
manifested with septic leucocyte pictures. Patients with the best type 
of leucocytic picture often failed to gain weight satisfactorily. These 
cases have not had an increased pulse-rate or temperature. From these 
considerations it would seem that the leucocytic reaction is a more cer- 
tain guide to the progress of the tuberculous lesion than are weight, 
pulse or temperature. 

Many attempts have been made to designate the leucocytic reactions 
in the tuberculous as those of resistance, the “fighting phase,” etc. It 
is quite likely that every type of leucocytic reaction is evidence of resist- 
ance to the infection. When the resistance is manifested by a neutro- _ 
philic increase Nature is attempting to discharge the obnoxious material 
to the outside and in doing this often defeats her purpose. When the 
lymphocyte plays the main part in resistance Nature is attempting to 
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wall off the dangerous material, or to organize it by fibrosis. Here suc- 
cess is often attained. To state that the leucocytes are the real forces 
of resistance is in all probability not the whole truth. Before the 
leucocytes are called upon to participate in the fray there must be an 
abnormal product in the tissues. The nature of this product is what in 
all probability determines what type of leucocyte will be demanded. 

We have not discussed the eosinophile or basophile in relation to the 
tuberculous process. To date we have found no marked increase of 
basophiles in the circulation. They appear to play no part in human 
tuberculosis. The eosinophiles we have found to be increased in cases 
which have succumbed to the infection and in cases which have made 
excellent recovery from the disease. We have not been able to demon- 
strate that this cell plays any significant réle in the pathogenesis of the 
disease, and it does not appear consistently in the leucocytic reaction 
as seen in clinical tuberculosis. 

When one attempts to interpret the significance of the leucocytic 
formula found in a case of tuberculosis it should be borne in mind that 
the leucocytes tell only what is the status of the process at the time the 
blood is taken. At a later date there may or may not be a change in the 
leucocytic reaction. In other words it is impossible to predict from a 
blood count one day what the blood count two months hence will be. 
Thus it will be seen that the leucocytes cannot be used to definitely 
prognose what the status of a tuberculous individual will be six months 
or a year hence. 

The majority of tuberculosis cases have a remarkably stable leucocytic 
picture. Some cases will maintain a septic leucocytic formula for months 
on end (case Ma.), while others will consistently have high lymphocytes, 
low neutrophiles and a low mononuclear count for a long period (case 
Co.) It is our opinion that tuberculous individuals who maintain a 
septic leucocytic picture are liable to have haemorrhages, extensions, 
etc., at any time. At what date these may occur it is impossible to 
state. They may occur to-morrow or two years hence. One thing is 
certain,—so long as such a leucocytic reaction exists there is evidence 
that the tuberculous process is not healing, although the clinical mani- 
festations and the X-ray would suggest marked improvement. 

We also have a certain amount of evidence that individuals who con- 
sistently have high lymphocytes, low neutrophiles, and at most a slight 
increase of mononuclear leucocytes, do not have haemorrhages or serious 
spreads of their infection so long as they maintain such a leucocytic 
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picture. These individuals give evidence that their tuberculous lesions 
are healing. Before such individuals have a serious relapse of their 
tuberculosis we feel that they will develop a septic leucocytic reaction. 

One cannot tell by the leucocytic counts whether the tuberculous 
process is healed. But if in an individual who has been running a 
septic leucocyte count the leucocytic picture changes gradually to a 
nonseptic picture, with a consistent lowering of the neutrophiles and 
mononuclears, and a rising percentage of lymphocytes, there is definite 
evidence that the tuberculous lesions are changing toward the healing 
stage (case Ro). If the leucocytic reaction changes back to the septic 
picture then one may feel fairly certain that there is trouble ahead. 

In the group of cases we have studied since 1926 the following data are 
of interest. Nine have died. These all had septic leucocyte counts. 
Twenty-two have had relapses, haemorrhages, development of intestinal 
tuberculosis, or “spreads” of the tuberculous process in the lung. These 
all had septic leucocytic pictures before and at the time of the relapse. 
None of the cases which have had a nonseptic leucocyte picture has had 
a clinical relapse. 

It is common knowledge that the diagnosis of a case of tuberculosis in 
its very early stage is an extremely difficult matter, even when all data 
available are at one’s command. ‘The diagnosis of the early case is 
based more on the plausibility than on the certainty of the data obtained. 
Because of this it is not surprising that the majority of cases picked out 
by the clinical staff for this study had moderately or far advanced tuber- 
culosis. What the leucocytic picture in the very early case of tuber- 
culosis will indicate is the object of a study being conducted at the pres- 
ent time. Since the leucocytic reaction appears to depend largely 
upon the nature and the volume of pathological substances formed, one 
could hardly expect to find an abnormal leucocytic formula until there 
was present in the body a sufficient volume of the right kind of patho- 
logical products to demand an alteration in the normal leucocyte content 
of the blood. 

For convenience one may establish three types of leucocytic formulae. 
These are fairly characteristic, and are indicative of three phases of the 
disease-process. In the denoting of these types of leucocytic formulae 
it must be recognized that a considerable number of-leucocyte counts 
will be found to lie between these typical types. And one must also 
consider that these three types will not necessarily be stable. They 
may shift from one to the other should there be a demand for such a shift 
by the changed conditions within the body. 
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As the septic leucocyte picture in the tuberculous we arbitrarily re- 
quire the following: The total leucocyte count is usually above normal. 
In certain instances it may be normal, or even below normal. The 
neutrophiles are always above 65 per cent,—usually 70 per cent or more. 
The lymphocytes are never above 25 per cent—usually below 20 per cent. 
The mononuclears are usually above 8 per cent, but may be as low as 
5 per cent. This type indicates that the main tuberculous process is 
undergoing abscess-formation or an ulcerous condition is extending. 
Healing is not occurring. New: tubercle-formation is indicated if the 
mononuclears are above 9 per cent. 

For the hyperplastic picture we require the following: The total 
leucocyte count is usually within normal limits, and is never greatly 
increased. The mononuclear leucocytes are always above 10 per cent, 
the neutrophiles below 60 per cent, and the lymphocytes 25 per cent or 
more. This indicates that new tubercles are being formed, but that 
these tubercles are not undergoing abscess-formation. If the lympho- 
cytes are above 30 per cent it indicates that the process tends toward a 
healing stage. 

For the best, or what one may designate as the nonseptic, leucocytic 
picture the following is required: The total counts must not be over > 
10,000. The percentage of lymphocytes must be so high that it ap- 
proaches closely the neutrophilic percentage. At times there may be 
more lymphocytes than neutrophiles. The mononuclears must not be 
over 10 per cent. Usually these cells will be between 6 and 9 per cent. 
This leucocytic picture indicates that the main tuberculous process is 
healing, with very little evidence of new tubercle-formation and no 
evidence of abscess-formation. 


SUMMARY 


1. There is no specific leucocytic reaction in the tuberculous. This 
makes the use of the leucocytic formula impossible as a diagnostic aid. 
The leucocytes may indicate that something abnormal is happening 
within the body, but they cannot establish the diagnosis of any specific 
infection. 

2. The establishment of the clinical diagnosis of tuberculosis is neces- 
sary before the leucocytes can be of aid in the interpretation of the 
status of the tuberculous process. One may then interpret the leucocytic 
picture upon the basis of the réle that each leucocytic type plays in the 
pathogenesis of tuberculosis, and valuable information may be obtained 
relative to the changes that are occurring in the tuberculous process. 
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3. Each case must be interpreted upon a basis as to how the patient 
is handling his tuberculosis. General averages are of no value. 

4, The leucocytic reaction often agrees very closely with the clinical 
status of a tuberculous individual. At times there is marked disagree- 
ment between the leucocytic picture and the impression gained from 
clinical observations. It is our impression that when there is disagree- 
ment the leucocytes indicate the actual status of the tuberculous process 
more accurately than does the clinical condition of the patient. 

5. The extent or location of the tuberculous process cannot be told 
by the leucocytic reaction. A case of incipient tuberculosis may show 
as abnormal a leucocytic picture as does a case in which the disease is far 
advanced. In both instances the leucocytic formula may or may not be 
septic in type. | 

6. The leucocytes indicate only the status of a tuberculous process at 
the time the blood is obtained. It is necessary to do blood counts at 
relatively frequent intervals to determine the trend of the disease. 
Leucocyte counts may then be made at less frequent intervals so long as 
there is no change in the essential relationship between the cell types. 
The leucocytic picture can hardly be used as a definite prognostic guide, 
for it will change when an alteration in the tuberculous process makes a 
change necessary. 

7. It is essential that the total leucocyte count, together with the 
differential percentages (total cells of each leucocyte type), be used if 
the maximum information be obtained from the leucocytic reaction in a 
case of tuberculosis. One must consider each cell type in the light of the 
réle it plays in the pathogenesis of the disease. The neutrophile plays 
the chief réle in tuberculous abscess-formation and in the extension of 
tuberculous ulcers. Rupture of abscesses and erosion of the walls of 
cavities are liable to give rise to haemorrhages or to marked “spreads” 
of the disease to new tissues. ‘The mononuclear leucocyte is the chief 
cell in new tubercle-formation. And the lymphocyte predominates 
when a tuberculous lesion is healing. No definite rdle can be ascribed, 
at present, to the eosinophile or basophile. 
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THE LEUCOCYTIC PICTURE OF THE BLOOD AS AN AID 
IN THE PROGNOSIS AND TREATMENT OF 
PULMONARY TUBERCULOSIS! 


JOHN W. FLINN anv ROBERT S. FLINN? 


The leucocytic picture has long been recognized as a distinct aid in the 
diagnosis of acute infections. Surgeons are alive to the importance of a 
differential blood count in acute abdominal conditions. A marked 
leucocytosis, with a high percentage of polymorphonuclears or neutro- 
philes, at once suggests the probability of a purulent inflammation. 
Similarily, the same blood picture in an acute affection of the chest brings 
to the mind of the physician the likelihood of a lobar pneumonia. 

For many years those devoting their time to the study of tuberculosis 
have been carefully observing the leucocyte count in an endeavor to find 
something which would point definitely to the exact pathological con- 
dition in the tuberculous lung. For some considerable time experienced 
clinicians have claimed that a high lymphocyte count is a good prognostic 
sign in tuberculosis. To this the pathologists were not inclined to agree 
because they could not reconcile such a conclusion with their conception 
of the pathology of the disease. 

In 1921 Sabin applied the supravital staining methods of Pappenheim 
to the study of white blood cells; and a few years later she, in collabora- 
tion with Cunningham and Doan, employed these staining methods 
in the study of tuberculous tissues in experimental animals. These ob- 
servers traced the monocyte from its origin in the reticular cells of the 
spleen and of the bone-marrow to its consummation in the typical 
epithelioid cell of tuberculosis. As a result of a long series of observations 
in experimental tuberculosis they ‘“‘think that a tuberculous process 
involves a marked new production and proliferation of monocytes in the 
tissues and their transformation into epithelioid cells.” 

They found that they could quite accurately follow the course of a 
tuberculous lesion in rabbits by the relative proportions of monocytes 


_ 1 Presented before the California State Tuberculosis Association, San Jose, California, 
December 28, 1928. 

2 Prescott, Arizona. 
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and lymphocytes in the circulating blood of these animals; in other words, 
by the monocyte-lymphocyte ratio in the blood. When the animals 
were killed at a time when the monocyte-lymphocyte ratio was low the 
authors consistently found an extensive and active tuberculosis. On the 
other hand, when the lymphocytes in the circulating blood were much 
more numerous than the monocytes,—in other words, when the mono- 
cyte-lymphocyte ratio was high,—autopsy showed a tuberculous lesion 
which had not become widespread, or that the disease was arrested. 

More recently Treat B. Johnson and his associates have isolated 
from the ether-soluble portion of the tubercle bacillus a saturated fatty 
acid. Sabin, Doan and Forkner have shown that these fatty acids cause 
“the production of new young monocytes with the markedly basophilic 
cytoplasm characteristic of the beginning maturation of the immature 
white blood cells, and have further stimulated their development into 
mature monocytes with subsequently the metamorphosis into typical 
epithelioid and Langhans giant cells.” 

In 1926 and 1927, Medlar and his co-workers published their findings 
regarding the different parts played by the monocyte, the neutrophile 
and the lymphocyte in the histopathological reaction in tuberculosis. 
In their experimental work they corroborate the view that the monocyte 
“plays the chief rdéle in the formation of the primary mononuclear or 
epithelioid tubercle.” In addition, they made a very careful study of 
the part played by the polymorphonuclear leucocyte,—the neutrophile,— 
in the tissue reaction to the tubercle bacillus. They found this neutro- 
philic cell attracted to the scene of action after the monocytes had under- 
gone necrosis, following an unsuccessful attempt to combat the infection. 
These neutrophiles, through their proteolytic enzymes, tend to liquefy 
the necrotic material and give rise to suppuration. If the neutrophiles 
are killed, incomplete digestion of the dead connective tissues ensues and 
typical caseous material results. 

These workers found that the lymphocytes are the cells principally 
concerned with healing in tuberculosis. If the healing occurs early, with 
destruction of the tubercle bacilli, lymphocytes alone take part. If, 
however, healing occurs later, after suppuration and caseation have 
taken place, the lymphocytes are apparently aided by the monocytes 
in the healing process. 

' From observations made at the Saranac Laboratory, Gardner reported 
(in 1928) the conclusions that an increase in the number of lymphocytes 
in the peritoneal fluid of experimental animals infected with the tubercle 
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bacillus is coincident with the development of tuberculin sensitiveness. 
After direct infection of the peritoneal cavity with tubercle bacilli and 
previous to the development of skin sensitiveness, he found that 


monocytes are the predominating cell of the peritoneal fluid. This preliminary 
increase in monocytes takes place irrespective of the original monocyte count 
in the animal. . . . One or two days before the intracutaneous tuberculin 
reaction becomes positive the monocytes show a rapid decrease in number and 
lymphocytes become the preponderant cell. 


The conclusions of all these investigators become more and more 
insjyressive when one interprets them in the light of Krause’s classical 
description of the formation of the nodular tubercle followed by the 
production of tissue allergy and non-nodular diffuse changes. 

In 1928 one of us (J. W. F.) presented a study of the differential blood 
count in one thousand cases of active pulmonary tuberculosis in man, 
which tended to corroborate clinically the experimental work of Cun- 
ningham, Sabin, et a/., on the significance of the monocyte-lymphocyte 
ratio in the circulating blood of the tuberculous, and to confirm the con- 
clusions of Medlar and his associates regarding the different parts played 
by the monocyte, the neutrophile and the lymphocyte in the histopatho- 
logical reaction in tuberculosis. 

In this study we found that ‘‘a decreasing monocyte-lymphocyte ratio 
and an increasing lymphocyte-neutrophile ratio point very definitely 
to a more active and extensive lesion. The converse points just as 
definitely to an improved lung condition.” 

We also found that 


an increase in the percentage of neutrophiles and of monocytes with a decrease 
in the percentage of lymphocytes points quite definitely to a more active and 
extensive lesion. The converse points quite definitely to an improved lung 
condition. Corresponding changes in the counts per cu. mm. of these cells 
point in corresponding directions, but less definitely. 


Charts 1 and 2 represent the composite blood pictures of the one 
thousand cases of active pulmonary tuberculosis in the study referred 
to above. Both these charts have been published before. The other 
charts show the blood pictures in specific cases and (with the exception 
of ‘charts 3, 6 and 7) have never been published heretofore. 

Chart 1 shows the average number of monocytes, neutrophiles and 
lymphocytes per cubic millimetre in each of the four different classes 
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(I Minimal; II Moderately Advanced; III Far Advanced; IV Very Far 
Advanced, probably hopeless) of 651 cases of active pulmonary tubercu- 
losis. It also records the monocyte-lymphocyte ratio and the lympho- 
cyte-neutrophile ratio in these different averages. 

The average monocyte count per cubic millimetre was 159 in the 
minimal class. It increased to 183 in the moderately advanced class, 
to 340 in the far advanced, and to 516 in the very far advanced class. 
In other words the average monocyte count per cu. mm. zucreased steadily 
until it was 3.25 times greater in the very far advanced cases than in those 
cases showing only a minimal lesion. 

The average neutrophile count per cubic millimetre was 4,561 in the 
minimal class. It increased to 5,055 in the moderately advanced class, to 
6,952 in the far advanced class, and to 8,880 in the very far advanced 
class. In other words, the average neutrophile count per cu. mm. 
increased steadily until it was more than 2.1 times greater in the very 
far advanced cases than in the minimal class. 

The average lymphocyte count per cu. mm. was 2,664 in the minimal 
class. It increased to 2,898 in the moderately advanced class and then 
decreased to 2,781 in the far advanced class. It decreased still further— 
to 2460—in the very far advanced class. In other words, the average 
lymphocyte count per cu. mm. did not vary nearly so greatly nor so 
consistently as did the average monocyte and the average neutrophile 
counts. 

The average monocyte-lymphocyte ratio and the average lymphocyte- 
neutrophile ratio calculated from the cubic-millimetre counts in these 
651 cases showed more marked changes in each class than did the average 
total cubic-millimetre count. The average monocyte-lymphocyte ratio 
in class I was 1:16.75; in class II it was 1:15.78; in class III, 1:8.18; 
and in class IV, 1:4.77.. In other words the ratio of lymphocytes to 
monocytes had decreased in the very far advanced cases to almost one- © 
quarter of what it was in the minimal cases. The average lymphocyte- 
neutrophile ratio in class I was 1:1.53; in class II it was 1:1.75; in class 
ITT, 1:2.50, and in class IV, 1:3.61. In other words, the ratio of neutro- 
philes to lymphocytes increased in the very far advanced cases to more 
than 2.5 times greater than in the minimal cases. 

Chart 2 shows the average percentages of monocytes, neutrophiles and 
lymphocytes in each of the four different classes in 345 cases of active 
pulmonary tuberculosis. It also records the monocyte-lymphocyte 
ratio and the lymphocyte-neutrophile ratio in these different averages. 
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The average percentage of monocytes was 7.6 in the minimal class. 
It increased to 8.3 in the moderately advanced class, to 9.1 in the far 
advanced class, and to 13.7 in the very far advanced class. In other 
words, the average percentage of monocytes increased steadily, until 
in the fourth class this percentage was almost double what it was in class 
) 

The average percentage of neutrophiles was 57.9 in class I. It in- 
creased to 63.5 in class II, to 68.9 in class III, and to 74 in class IV. In 
other words, the average percentage of neutrophiles increased steadily, 
until in the fourth class this factor was more than 30 per cent greater 
than in class I. 

The average percentage of lymphocytes was 33.9 in class I. It 
decreased to 26.4 in class II, to 20.7 in class III, and to 20 in class IV. 
In other words, the average percentage of lymphocytes decreased steadily, 
until in the fourth class it was more than one-third less than in class I. 

The monocyte-lymphocyte ratio and the lymphocyte-neutrophile 
ratio showed even more marked changes in this series also. The mono- 
cyte-lymphocyte ratio was 1:4.09 in class I. It decreased to 1:3.14 in 
class II, to 1:2.28 in class III, and to 1:1.46 in class IV. The lympho- 
cyte-neutrophile ratio was 1:1.70 in class I; and increased to 1:2.40 in 
class II; to 1:3.30 in class III, and to 1:3.70 in class IV. 

During the past year we have checked these conclusions in every case 
of active tuberculosis (both pulmonary and extrapulmonary) which we 
have examined, and it has been very interesting to note how accurately 
such interpretations of the blood picture corresponded with the symptoms 
and physical findings in the great majority of cases. 

To such an extent was this true that we have come to regard the 
leucocytic picture as a most important aid in the prognosis and treatment 
of tuberculosis, placing it on a level with the symptoms and the physical 
findings. In fact, we have learned to doubt the accuracy of the signifi- 
cance of symptoms and physical findings when the leucocytic pictures 
point in an opposite direction. 

Let us cite a few specific cases: 


Cases 


Chart 3 shows three differential blood counts on a far advanced case of pulmo- 
nary tuberculosis, which improved rather remarkably under quite prolonged 
bed-rest and subsequent very carefully graduated exercise. In May, 1925, 
this patient had extensive active involvement in all lobes of one lung, with 
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rather slight active disease in the upper lobe of the other lung. At that time 
she had a very high monocyte count (above 1,000 per cu. mm.), a very high 
neutrophile count (above 9,000), and a very low lymphocyte count (below 
1,000). After one year’s rest in bed her lung condition and symptoms had 
improved rather markedly. At the same time the monocytes and neutrophiles 
had noticeably decreased, and there had been a similar increase in the number 
of lymphocytes. At the end of another year, spent on carefully graduated 
exercise, the symptoms had disappeared, the pulmonary condition was almost 
quiescent, and the leucocytic picture showed still further improvement. 
Corresponding changes are noted in the monocyte-lymphocyte and in the 
lymphocyte-neutrophile ratio. 


In this case,—an exceptionally favorable one,—the leucocytic picture 
runs absolutely true to the form laid down in the composite graphs. 
The monocytes and the neutrophiles decrease steadily and consistently 
from beginning to end, and the lymphocyte-neutrophile ratio shows a 
corresponding decrease. On the other hand, a similar increase is seen in 
the lymphocyte count and in the monocyte-lymphocyte ratio. 


Chart 4 shows a series of seven leucocytic pictures in a patient with moderately 
advanced pulmonary tuberculosis, who has made quite satisfactory improve- 
ment under bed-rest followed by carefully graduated exercise. This patient 
(a woman aged 20) came to us in August, 1925, with quite widespread infiltra- 
tion in the upper and lower lobes of the right lung and a suspicion of activity 
in the left apex. She responded quite promptly to fairly complete bed-rest, 
on which she was kept for a year. At the end of the year her white count 
had decreased from 12,000 to 10,200, and her neutrophiles from 74 to 59 per 
cent, and her monocytes from 2 per cent to zero. At the same time her total 
lymphocytes had increased from 22 to 41 percent. Early in September, 1926, 
she began to sit up every second day, beginning with half an hour twice a day. 
She increased this period five minutes every second day she sat up. Even on 
this slow schedule she lost some weight, and did not seem to do so well, and 
we debated whether we should not have her return to bed-rest for another 
period. During this time the percentage of neutrophiles and monocytes both 
increased and the percentage of lymphocytes decreased. Finally after six or 
seven months she began to improve satisfactorily again, and this improvement 
has continued up to the present. During this latter period her neutrophiles 
have decreased and her lymphocytes increased. The monocytes have been a 
little erratic but have never gone above normal. At the time of her last 
examination she was just recovering from an acute pharyngitis and tracheitis, 
which probably made the white count a little higher. 
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Comparing the last blood picture with the first, there has been a 
satisfactory decrease in the percentage of neutrophiles and in the lympho- 
cyte-neutrophile ratio. The monocyte count is still below normal. 
There has also been a satisfactory increase in the percentage of lympho- 
cytes and in the monocyte-lymphocyte ratio. The patient is now up 
eight hours a day, doing some light housekeeping and walking about 
two miles. The lung signs have almost completely disappeared, and the 
patient is practically free from symptoms except for a very slight amount 
of sputum which is negative for tubercle bacilli. She visited her home in 
Nebraska for two months this autumn. Barring accidents this case will 
probably go on to a satisfactory arrest. 


Chart 5 shows three leucocytic pictures of a case which came under our care 
October 15, 1927, with quite extensive active tuberculosis in the left lung, both 
lobes, and a rather slight amount in the right upper lobe. The patient, a 
woman, was put on fairly complete bed-rest (all meals in bed, with bed-baths 
and up only for bathroom privileges) for five weeks. At the end of this period 
examination showed a noticeable improvement in the right upper lobe, but some 
extension of the active lesion in both lobes of the left lung. Four days later 
we began to compress the left lung, and were so fortunate as to get a very 


satisfactory compression. From that time until she was called home early in 
February, 1928, the patient continued to improve steadily. The neutrophilic 
percentage decreased from 70 to 64 per cent, the total monocytic percentage 
decreased from 12 to 5 per cent, and the total lymphocytic percentage increased 
from 18 to 29 per cent. P 


We have had no report from this patient since her return home. 


Chart 6 shows leucocytic pictures which run true to form in every respect 
except one, which is that the lymphocyte count has not increased satisfactorily. 
This patient first came under observation in October, 1927, with extensive 
involvement in the right lung throughout. In addition she had very slight 
low-grade active disease in the left upper lobe and the laryngologist reported a 
suspicious throat. We at once attempted artificial pneumothorax, but failed 
after repeated attempts. We then did a right phrenicotomy, since when the 
patient has improved noticeably under fairly complete bed-rest. 


We still consider the outlook for this case doubtful and are inclined 
to think that a thoracoplasty will be indicated later. 


Chart 7 shows the leucocytic pictures of a quite acute case of far advanced 
unilateral pulmonary tuberculosis, which came under observation in February, 
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1925, and ran an unsatisfactory course, under bed-rest, for a full year. In the 
meantime pneumothorax was attempted, but unsuccessfully. At the end of 
a year a thoracoplasty was performed, although the case did not seem to be 
very suitable for this operation. Since then the patient’s condition has im- 
proved quite satisfactorily. Since the thoracoplasty there has been a satis- 
factory decrease in the monocyte count, the neutrophile count and the lympho- 
cyte-neutrophile ratio. There has also been a satisfactory increase in the 
monocyte-lymphocyte ratio and in the lymphocyte count. The patient is 
now up six hours a day and walking about seven blocks, in addition to doing 
some light housekeeping. She is practically free from symptoms except for a 
slight amount of cough and about an ounce of sputum a day. The sputum 
has been negative for tubercle bacilli for the past nine months. 


We expect a permanent quiescence in this case. 


Chart 8 is fairly typical of a very far advanced,—probably hopeless,—case. 
This patient, a male aged 23, came to us in August, 1927, with extensive active 
tuberculosis in the right lung, all lobes, with a large cavity in the right upper 
lobe. His left upper lobe was also involved throughout. Even with complete 
bed-rest he went down rather steadily, and died in April, 1928. 


At first the blood picture varied a little, the white count and the 
neutrophilic percentage both decreasing slightly, even though there was 
a sharp increase in the percentage of monocytes and a noticeable decrease 
in the percentage of lymphocytes. Later, however, the picture ran true 
to form, with the white count and the percentage of neutrophiles and of 
monocytes increasing and the percentage of lymphocytes decreasing. 
The monocyte-lymphocyte ratio became very low and the lymphocyte- 
neutrophile ratio quite high. 


Chart 9: This case, a male aged 52, was referred to us in May, 1928. He first 
recognized definite symptoms of active pulmonary tuberculosis in September, 
1925. He gave himself very indifferent care until August, 1926, when he was 
put to bed. A few weeks later he was sent to Southern Arizona, and bed-rest 
was continued for several months with very satisfactory results. He was then 
put on carefully graduated exercise, which was increased to a three-mile walk 
aday. Then, against the advice of his physician, he returned to his home in 
one of the Northwestern states, and began to dissipate a bit. He returned to 
Southern Arizona late that fall (1927), but failed to make satisfactory progress 
during the winter. He was erratic and hard to control, and his physician sent 
him to us in May, 1928, with the request that we try to arrange a very carefully 
graduated scale of exercise forhim. At that time he had a small, fairly active 
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lesion in his right apex, with practically no symptoms. We took him off exer- 
cise and managed to control him, but with great difficulty, for the first two 
months. During this time the pulmonary lesion improved noticeably. At the 
end of two months we began to lose control over the patient, and he began to 
wander around the country. In spite of this, however, he continued to feel 
fairly well, and at the time of our last examination (the latter part of September, 
1928) physical signs showed an improvement in the lung condition. 


Turning to the blood pictures, however, we find that, whereas they 
had been steadily improving in every respect, the September picture was 
not so favorable. While the neutrophilic and lymphocytic percentage 
remained practically the same, the total monocytic percentage had 
jumped from 3 to 9 per cent. We were so foolish as to try and account 
for this monocytosis by attributing it to an old prostatic infection. 

A few days later this patient returned to his physician in Southern 
Arizona (a particularly competent phthisiotherapist), who made a 
painstaking physical examination of the chest, and had X-ray films made 
and interpreted by an expert, and reported the lung clear except for the 
old lesion in the right apex, and that it had definitely improved since his 
last examination in the spring of 1928. 

A short time later this patient began to show signs of increased activity, 
such as quite a high temperature, with a return of cough and positive 
sputum. Examination of the chest showed an entirely new active lesion 
in the right base. 

We believe now that we should have regarded the markedly increased 
monocytic percentage in September as a distinct danger signal, and 
should have advised this patient to return at once to more complete rest. 


Chart 10: There is nothing of special interest in this case except the last two 
blood pictures. The patient, a male aged 39, first consulted us in July, 1927, 
with “a very considerable amount of active tuberculosis in the right upper lobe 
and in the upper part of the right lower lobe.” His symptoms began with an 
attack of pleurisy with effusion, in Chicago in 1924. Early in 1927 he had a 
definite breakdown with fever, cough, and expectoration containing tubercle 
bacilli. He went to Phoenix, Arizona, in March, 1927, but gave himself 
rather indifferent care. We advised more rigid care, but it was not until 
October, 1927, that the patient finally consented to go to bed and cure inten- 
sively. From that time he made satisfactory progress and on October 29, 
1928, he was practically free from symptoms and the lung condition was 
almost quiescent. We then started him sitting up for increasing periods each 
day. Toward the end of November he was sitting up four hours a day (two 
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hours in the forenoon and two in the afternoon) and still feeling fine with no 
indication of elevation of temperature or pulse, or with any symptom. We 
did not think it necessary to examine the chest again, but ordered the usual 
routine monthly blood examination. Very much to our surprise we found that 
the total monocyte count had jumped from 2.5 per cent on October 18 to 14 per 
cent on November 30. Two other counts showed that the increase was not 
due to technicalerror. Ina very careful examination of the chest we were able 
to detect definite physical signs of very recent active disease high up in the 
right axilla, where nothing was noted at the previous examination. We 
returned the patient to his former bed-rest and a blood count made the day 
before yesterday showed that the total monocyte count had dropped to 6 per 
cent. 


CONCLUSIONS 


In uncomplicated cases of active pulmonary tuberculosis the leucocytic 
picture may, with a large degree of accuracy, be interpreted as follows: 

1. An increase in the monocyte-lymphocyte ratio,—that is, a decrease 
in the monocytic percentage with a concurrent increase in the lympho- 
cytic percentage,—points very definitely to an improved pulmonary 
condition. The converse points just as definitely in the opposite 


direction. 

2. An increase in the lymphocyte-neutrophile ratio,—that is, a decrease 
in the percentage of lymphocytes with a concurrent increase in the per- 
centage of neutrophiles,—points very definitely to more extensive pul- 
monary involvement. The converse points just as definitely in the 
opposite direction. 

3. It is self-evident that such conclusions are a distinct aid in the 
prognosis and treatment of pulmonary tuberculosis. 


HYPOTHESES 


Since these clinical findings confirm so closely the experimental work 
of Sabin, Cunningham, e? a/., and that of Medlar and Kastlin and their 
associates, we believe clinicians may safely accept the following as useful 
working hypotheses in the interpretation of leucocytic pictures in un- 
complicated cases of active pulmonary tuberculosis: 

1. A high monocytic percentage, when accompanied by a normal or 
low lymphocytic percentage, suggests an active proliferative lesion. A 
rising monocytic percentage, when accompanied by a normal or low 
lymphocytic percentage, suggests an extension or exacerbation of the 
proliferative process, or a complicating extrapulmonary tuberculosis. 
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2. A high neutrophilic percentage suggests an exudative lesion. A 
rising neutrophilic percentage suggests an extension or exacerbation of 
the exudative process. 

3. A high lymphocytic percentage suggests a healing lesion. A rising 
lymphocytic percentage suggests an increased tendency to heal. 


IMPRESSIONS 


In connection with the above studies we have formed the impression 
that an extension of the pathological process in a tuberculous lung usually 
manifests itself first in the blood picture, later by physical'signs and X-ray, 
and often last of all by symptoms. 
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THE EPIDEMIOLOGY OF TUBERCULOSIS, PAST AND 
PRESENT 


WALTER W. LEE? 


This article is the summary of an analysis of the data showing tuber- 
culosis mortality for the Registration Area of the United States as of 1920, 
for the six years 1920-1925. ‘These data are for a population of some 
90,000,000 whites and 7,000,000 negroes. 

Vital statistics of Massachusetts have been well and uniformly kept 
since. before the Civil War, and are invaluable for such a study as this. 
The specific mortality rates for age, sex and forms of tuberculosis have 
been calculated from the data in the official records of the state, and are 
used here to illustrate the trends of tuberculosis in its various manifesta- 
tions, throughout the period 1865-1927. Massachusetts has a popula- 
tion of over 4,000,000, one per cent of which are negroes. This popula- 
tion is chiefly urban and industrial. Data for tuberculosis (all forms) 
for New York City have been generously furnished the writer by G. J. 
Drolet, Statistician for The New York Tuberculosis and Health Associa- 
tion. New York City has a population just under 6,000,000. It is 
cosmopolitan in its composition, many of its citizens being of foreign 
birth or parentage, with large groups of Irish, Jewish and Teutonic race- 
stocks. The negro population is under three per cent. Cleveland data 
have been taken from tables by Green (1), data for England and Wales 
1901-1910 from tables by Cobbett (2), and data for England and Wales 
1923 and Sweden 1921 from tables by Whitney and Wilcox (3). This 
being a study of ratios and trends of data, of both large and small magni- 
tude, all of the data have been plotted on plain cross-section paper as the 
logarithms of the rates in order that the slope of the trends will not be 
affected by the magnitude of the data. We will be interested in the rate 
of change of the data rather than in the actual magnitude or differences 
in their magnitude. In all the graphs the ordinates are shown on the left 
side as the logarithms of the rates, on the right side the rates as ordinary 
numbers. The abscissae representing age-groups or years, as the case 
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may be, are, in all cases, numbers, not logarithms. The ordinates in all 
graphs in this study are drawn to the same scale to facilitate comparison. 
Note that a base-line is not indicated in the graphs. Since logarithms are 
limited by infinity, both above and below zero, it is therefore impossible 
to indicate a base-line since it is beyond the range of human conception. 
If the reader wishes to orientate himself with respect to the magnitude 
of the data, he must refer to the numbers or logarithms indicating the 
ordinates. The writer has taken liberties with the conventional methods 
of plotting data, by plotting several different series of data in tiers in the 
same graph. In all cases the ordinates of each set of data are indicated. 


TABLE 1 
Tuberculosis (all forms); U.S. registration area of 1920; average of six years 1920-1925 
(The numerator in each column is 1.00. The denominator only is given.) 


WHITE MALES BLACK MALES WHITE MALES WHITE FEMALES 
WHITE FEMALES BLACK FEMALES BLACK MALES BLACK FEMALES 


AGE-GROUPS 


0-1 0.86 
1-4 0.89 
0-4 0.88 
5-9 0.95 
10-14 1.67 
15-19 1.88 
20-24 1.35 
25-34 1.02 
35-44 0.72 
45-54 0.58 
55-64 0.59 
65-74 0.74 
75 & over 0.94 


SSSRRSES 


This has been done in order to bring the graphs closer together for com- 
parison. It is hoped the end justifies the means. 

The data for the Registration Area are taken from the annual reports of 
the U. S. Census Bureau. In the reports, deaths and death-rates are 
tabulated for tuberculosis (all forms) for the Registration Area as of 1920 
for the six years 1920-1925 by age-groups and sex for both whites and 
negroes. Deaths from each form of tuberculosis are given for the whole 
Registration Area of each year. The rates for each form, age-group, 
sex and race have been calculated for each year. The averages for all 
forms of tuberculosis are for the six-year period, while other forms are for 
1920-1921 only. If the data for all forms and pulmonary tuberculosis 
are observed carefully (figure 2) it will be seen that in some instances 
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the pulmonary rates equal or nearly equal the rates for all forms. This 
apparent discrepancy is due to the fact that there is a definite trend in 
the data in a negative direction. The average for all forms would rep- 
resent the rates for 1923, one and one-half years later than that for the 
average for the two-year period 1920-1921. 

In figure 1 pulmonary and nonpulmonary mortality data are plotted to 
illustrate the relationships of the rates by sex, age-groups and race. 
Note that in the negro race mortality from pulmonary tuberculosis 
exceeds that in the white race in all age-groups by from 200 to 500 per cent. 
The ratios of the mortality by sex and age-groups in each race are very 
similar. This relationship is seen better in table 1. In the negro race, 
both sexes, the mortality from pulmonary tuberculosis exceeds that 
from nonpulmonary tuberculosis, while in the white race nonpulmonary 
exceeds pulmonary mortality in children under ten years of age. This 
relationship is shown well also in figure 2, in which we see that the chief 
cause of childhood tuberculosis mortality is meningitis, for which rates 
are about equal in the two races. Are negro children particularly sus- 
ceptible to pulmonary tuberculosis, or are they more exposed to the 
disease than white children? Tuberculous-meningitis mortality in 
children under five years has exceeded pulmonary mortality in the same 
age-group, in the experience of Massachusetts, since 1865. It is also 
of interest to observe that white and negro infants are about equally 
susceptible to nonpulmonary tuberculosis. 

Comparison of the high and low points in the pulmonary mortality 
curves, which occur in the age-groups 20-25 and 5-9 in both races, shows 
the ratio to be 10:1 in the negro race and 30:1 in the white race. This 
excessively high childhood mortality among negroes suggests that in- 
tensive antituberculosis work directed toward this group should yield 
large returns. 

Figure 2 illustrates the relative importance of each form of tuberculosis 
as a cause of death in each race. Only the males of each raceare shown. 
The rates for the females are similar. 

In figure 4 note how similar are the rates of both races for tuberculosis 
of the central nervous system. Until ten years of age the rates for 
whites and negroes are nearly identical, most of the mortality from this 
cause occurring in the 0-10 age-groups. On the other hand, the reaction 
of the two races to miliary tuberculosis, figure 5, is similar to that of 
pulmonary, as illustrated in figure 3. 
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PULMONARY TUBERCULOSIS IN MASSACHUSETTS 


Specific mortality rates for pulmonary tuberculosis in Massachusetts 
by age-groups and sex are illustrated in figures 8 to 17, and in figure 18 
are shown the rates for all ages by sex. Lines have been drawn in to 
represent the trends. These trends must be interpreted as approximate 
only. They have been drawn in by inspection, and another observer 
would undoubtedly draw them in differently. However, the writer be- 
lieves they are accurate enough for our present purpose. Tables 2 and 3 


TABLE 2 
Pulmonary tuberculosis in Massachusetts 


Approximate increase or decrease in the number of deaths in 1927 in each sex and age-group as 
a result of the changes in the trends during the period of the World War 


MALE FEMALE 
Increase Decrease Increase 
0-4 0 0 0 0 
5-9 0 0 0 0 
10-14 0 0 0 0 
15-19 0 26 40 0 
20-29 0 0 90 0 
30-39 0 207 0 80 
40-49 0 210 0 0 
50-59 0 125 0 0 
60-69 0 0 0 0 
70-79 0 0 0 0 
All ages 0 568 120 80 
Total by sexes......... 0 568 40 0 
Total decrease......... 528 


Representing a decrease in the rate for males in 1927 of 27.4, an increase in the rate for 
females in 1927 of 1.8, and a total decrease in rate for all ages and both sexes of 12.2 


were obtained by reading the data from these trend-lines, and therefore 
the resulting calculations are only approximate. Observation of the 
illustrations and tables shows that, since the World War, the fall of the 
tuberculosis rate has been markedly accelerated, with the result that in 
1927 there were over 500 fewer deaths from pulmonary tuberculosis 
than would have occurred had the rate remained, since the war, as it was 
in the prewar years. On further observation, we find that practically all 
of this reduction has occurred in the adult male wage-earning age-groups 
between 15 and 60 years of age, and most of it between 30 and 60 years. 
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Note that in the age-groups 15-19 and 20-29 the rates for females, which 
for the previous forty years had been declining rapidly, began during 
the war period to decline less rapidly and, as a result of this change in 
the trend, some 120 more females died in 1927 than would have died, 
had this change not occurred. On the other hand, the trend of the rates 
for the females in the 30-39 age-group dropped significantly, saving some 
80 female lives for this age-group in 1927. The rates for the males of the 
20-29 age-group have returned to the prewar trend after the disturbing 
factors of the war period had ceased to operate. There are, no doubt, 


TABLE 3 
Percentage that the rates of 1927 are of those of 1865 
Rates read from the trends are approximate only 


APPROXIMATE RATES 


Male Female 


1927 1865 1927 


per cent per cent 


04 5 

5-9 10 
10-14 16 
15-19 17 
20-29 22 
30-39 27 
40-49 30 
50-59 25 
60-69 20 
70-79 


All age-groups 


All age-groups, 
282 


many factors, which, combined, produced the marked disturbance in 
the tuberculosis mortality during the World War. Note that this dis- 
turbance was of significance in both sexes for the age-groups between 
15 and 50 and, in the males only, in the age-group 50-60. Other age- 
groups were apparently not affected. The greatest effect was apparently 
in the 20-29 age-groups among the males. The curve is seen to rise in 
1915, reaching its peak in 1918, after which it falls away to a variable 
distance below the prewar trend to proceed along another and, in most 
instances, a lower and steeper trend. 


1865 
200 10 5 
38 3 8 
93 15 16 
368 87 24 
562 125 21 
480 76 16 
400 66 17 
400 50 12.5 
570 50 9 
900 50 6 
76 | 22.3 370 56 15 
86 | 30.5 
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TABLE 4A 
Pulmonary tuberculosis, Massachusetts, rates per 100,000 male population 


AGE-GROUPS 


10-14 | 15-19 


36 | 277 
49 | 228 
24 | 228 
34 | 215 
38 | 186 


35 | 247 
26 | 206 
38 | 273 
269 
254 


247 
234 
289 
236 
226 


211 
243 
228 
219 
254 


217 
218 
201 
200 
200 


190 
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0-1 1-2 2-3 3+4 4-5 5-9 20-29 | 30-39 | 40-49 | 50-59 | 60-69 |70-79 
1865 48 490 | 422 | 405 | 465 | 756 | 816 i 
1866 32 496 | 406 | 383 | 491 | 730 | 850 | 
1867 23 454 | 387 | 349 | 390 | 615 | 734 | 

1868 32 410 | 362 | 359 | 450 | 728 | 885 
1869 28 414 | 370 | 346 | 425 | 636 | 870 : 
1870 25 434 | 398 | 386 | 457 | 668 | 810 
1871 26 437 | 383 | 371 | 463 | 670 | 675 i 
1872 26 477 | 406 | 392 | 460 | 692 | 875 
1873 28 470 | 426 | 366 | 466 | 745 | 690 
1874 18 435 | 339 | 352 | 460 | 641 | 665 : 
1875 30| 35 460 | 450 | 336 | 410 | 685 | 705 
1876 13| 28 407 | 370 | 354 | 409 | 545 | 760 
1877 29 | 27 440 | 360 | 333 | 358 | 510 | 687 i 
1878 18| 37 387 | 371 | 324 | 334 | 472 | 580 . 
1879 19} 32 391 | 339 | 314 | 356 | 530 | 596 ; 
1880 20| 26 425 | 357 | 336 | 358 | 480 | 566 
1881 24| 34 442 | 383 | 346 | 391 | 447 | 630 
1882 20| 33 439 | 377 | 336 | 320 | 521 | 570 i 
1883 25| 30 421 | 380 | 350 | 363 | 500 | 460 
1884 30| 41 405 | 387 | 310 | 352 | 414 | 514 
1885 16} 33 391 | 350 | 341 | 364 | 425 | 473 
1886 15] 28 418 | 402 | 316 | 380 | 387 | 391 
1887|275 | 120] 63| 36| 35| 25] 32 410 | 362 | 316 | 349 | 406 | 410 
1888|263 | 152} 53] 31] 34] 16] 37 386 | 364 | 301 | 345 | 375 | 389 i 
1889|281 | 153} 43] 17] 28| 29 358 | 354 | 304 | 340 | 359 | 370 
4 
1890/322 | 63| 34| 23| 22] 23| | 357 | 356 | 324 | 327 | 357 | 337 
18911371 | 126] 58] 38| 16] 33] 179] 305 | 360 | 296 | 301 | 298 | 317 
18921277 | 164] 81] 49] 39] 25] 23] 171 | 350 | 328 | 287 | 305 | 341 | 386 
18931235 | 86] 43] 4] 18] 192 | 333 | 322 | 270| 305 | 303 | 311 | 
1894/230 | 165] 54] 23] 38] 16] 193 | 329 | 306} 275 | 280 | 279 | 265 

1895|277 | 124] 72] 19| 12] 19] 17] 197 | 325 | 329 | 236] 298 | 280 | 351 

18961287 |170| 44] 23] 28| 18] 159 | 316 | 324| 268 | 260 | 279 | 336 
18971244 | 171] 65] 55] 24] 19] 20] 140] 304| 288 | 277 | 272 | 255 | 249 
13981251 | 143] 46| 15| 21] 18] 129} 318 | 302 | 272 | 274 | 217 | 219 
18991261 | 129] 25| 19| 5] 25] 145 | 316 | 267 | 243 | 236 | 289 
i 
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TABLE 4A—Concluded 


AGE-GROUPS 


0-1 15-19 


1900/129 149 
1901}151 123 
1902)142 112 
1903) 157 118 
1904)201 111 


1905/168 100 
1906) 126 127 250 | 238 
1907/122 96 265 | 249 
1908) 114 95 252 | 214 
1909} 96.5 89 228 | 227 


1910} 95 88 234 | 229 
1911)118 90 222 | 233 | 210 
1912) 44.8 94 215 | 210 | 229 
1913) 88.2 94 218 | 231 | 223 
1914) 52 86 207 | 240 | 234 


1915} 54.2 87 206 | 225 | 182 
1916) 82 81 234 | 230 | 234 
1917} 69 75 225 | 248 | 234 
1918) 90 93 260 | 248 | 238 
1919) 54 71 192 | 218 | 190 


1920) 48 151 | 164 | 162 
1921) 29 125 | 164 | 144 94 
1922) 34 137 | 140 | 155 103 
1923) 23 117 | 126 | 126 | 137 85 
1924) 41 111 | 118 | 128 | 134 84 


1925) 30 95 | 107 | 128 | 135 82 
1926) 20 127 | 132 | 127 109 
1927] 22 92 | 114 | 111 | 118 112 


What part did the influenza epidemic of 1918 play in this disturbance? 
This catastrophe hit Massachusetts in September 1918, out of a “blue 
sky” and lasted about six months from September until the end of Feb- 
ruary, 1919. 


Deaths in Massachusetts by months during influenza epidemic of 1918 


SEPT. oct. NOV. DEC. JAN. FEB. MAR. APRIL MAY 


2939 | 7844 | 990 | 1705 | 1616 | 591 | 366 | 134 56 
2923 | 4788 | 1001 | 1534 | 1292 | 875 | 910 | 737 | 492 


374 
YEAR 
20-29 | 30-39 | 40-49 | 50-59 | 60-69 |70-79 
277 | 285 | 241 | 252 | 267 | 222 
269 | 271 | 266 | 241 | 262 | 238 
239 | 245 | 236 | 246 | 214 | 223 
217 | 234 | 214 | 226 | 216 | 188 
233 | 252 | 243 | 212 | 244 | 210 
227 | 210 | 191 
175) 464 
248 | 206 | 173 
233 | 198 | 201 
204 | 209 | 212 
228 | 176 
189 | 139 
| 191 | 129 
179 | 127 
210 | 128 
192 | 126 
204 | 111 
163 | 122 
AUG. 
4 
Pneumonia.......| 174 


TABLE 4B 
Pulmonary tuberculosis, Massachusetts, rates per 100,000 females 


AGE-GROUPS 


10-14 | 15-19 
100 | 398 
96 | 394 
83 | 371 
93 | 328 
71 | 341 


92 | 430 
96 | 369 
96 | 383 
101 | 381 
93 | 353 


131 | 421 
78 | 377 
88 | 229 
106 | 465 
77 | 387 


76 | 403 
96 | 380 
98 | 392 
111 | 363 
102 | 363 


95 | 376 
89 | 345 
82 | 355 
98 | 327 
92 | 286 


100 | 293 
93 | 311 
84 | 314 
86 | 254 
66 | 295 


246 
257 
230 
223 


. | 
0-1 1-2 2-3 344 4-5 5-9 20-29 | 30-39 ae 60-69 |70-79 | 
1865 63 580 | 490 | 417 | 429 | 525 | 967 | 
1866 44 567 | 478 | 402 | 389 | 582 | 800 
1867 31 527 | 466 | 391 | 417 | 515 | 668 
1868 42 490 | 460 | 389 | 341 | 530 | 740 
1869 36 516 | 465 | 407 | 406 | 560 | 770 : 
1870 29 550 | 464 | 376 | 413 | 495 | 760 
1871 40 570 | 477 | 436 | 353 | 461 | 766 
1872 31 570 | 512 | 395 | 334 | 530 | 724 i 
1873 34 552 | 516 | 424 | 351 | 454 | 701 
1874 41 544 | 438 | 334 | 389 | 455 | 633 
1875 38 586 | 478 | 301 | 337 | 509 | 752 
1876 43 567 | 470 | 363 | 337 | 390 | 588 
1877 31 597 | 480 | 354 | 340 | 380 | 633 : 
1878 38 565 | 460 | 345 | 348 | 327 | 580 
1879 27 574 | 443 | 341 | 268 | 356 | 500 | 
1880 32 550 | 435 | 316 | 320 | 377 | 420 
1881 33 556 | 477 | 386 | 301 | 381 | 477 
1882 35 561 | 463 | 344 | 282 | 516 | 492 : 
1883 35 537 | 460 | 326 | 308 | 340 | 451 | 
1884 33 492 | 412 | 333 | 306 | 321 | 408 
1885 49 484 | 436 | 356 | 295 | 319 | 433 
1886 32 456 | 432 | 323 | 243 | 305 | 382 | 
1887| 293 | 131} 60] 61] 33] 28 441 | 386 | 330 | 258 | 295 | 341 
1888} 221] 213} 76] 51} 42] 34 434 | 380 | 265 | 229 | 258 | 310 
1889] 203 | 148} 71] 58] 27] 31 407 | 358 | 268 | 219 | 279 | 232 
1890] 326 | 177| 30] 40] 22] 38 384 | 372 | 309 | 235 | 273 | 266 
1891] 277 | 149] 68] 17] 39] 25 376 | 336 | 257 | 231 | 197 | 296 
1892] 263 | 159} 54] 33] 30] 32 386 | 347 | 280 | 185 | 219 | 310 
1893] 265| 80] 69] 37] 29] 32 375 | 343 | 231 | 195 | 190 | 268 
1894] 112} 63] 60] 33] 20 348 | 322 | 234 | 177 | 187 | 209 
200 | 140 | 47] 12] 28] 23] 59 344 | 316 | 232 | 192 | 162 | 233 
1896] 234] 128} 42] 31] 20] 25| 76 347 | 318 | 216 | 179 | 156 | 187 
1897| 272 | 117 | 71| 34] 27] 23] 68 324 | 299 | 206 | 180 | 193 | 236 
1898] 206 | 106} 29] 37] 19] 21] 74 310 | 278 | 169 | 155 | 148 | 169 
185 | 100! 79} 37| 30| 18] 44] 192 | 290| 183 | 150 | 152 | 150 
19001 156 | 94] 50] 47] 23] 207 | 280| 250} 201 | 163 | 151 | 220 | 
19011 182 | 52] 38] 21| 25] 19] 52] 170 | 263 | 243 | 175 | 133 | 178 | 200 | 
1902} 58] 38] 42] 32| 45 165 | 242 | 231 | 162 | 121 | 129 | 188 
19031 110} 75| 27| 22| 43] 169 | 226 | 219 | 162 | 117 | 132 | 137 
1904} 149 87 | 26| 27| 25| 44| 178 | 246 | 235 | 148 | 120 | 133 | 216 
375 | 
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TABLE 4 B—Concluded 


AGE-GROUPS 


10-14 | 15-19 | 20-29 
1905 38 | 151 | 214 
1906, 37 | 152 | 210 
1907 48 | 154 | 211 
1908 29 | 119 | 184 


1909 188 


1910 188 
1911 171 
1912 170 
1913 146 
1914 157 


1915 157 
1916 158 
1917 170 
1918 200 
1919 177 


1920 156 
1921 135 
1922 130 
1923 134 
1924 120 


1925 121 
1926 109 
1927 116 


Death-rates for influenza were highest in infancy and next highest in 
adults between 20-40. The sexes were about equally affected, with the 
males 30 and:over somewhat more susceptible than the females. Figures 
19, 20 and 21 have been drawn to show the deaths per month from pul- 
monary tuberculosis for the period 1865 to 1927. Note the rather ex- 
treme jump in male deaths during April, 1918. This is prior to the in- 
fluenza epidemic, and the females were not correspondingly affected. 
The writer strongly suspects an error in this datum, but, on rechecking 
several times, is unable to locate it. It may be correct, however, but, 
if so, is certainly not due to influenza. In September, October, Novem- 
ber and December, 1918, and January, 1919, we can see definite in- 
creases in the rates, but relatively slight, when we deduct what we know 


376 
30-39 | 40-49 | 50-59 | 60-69 |70-79 
218 | 153 | 134] 149 | 161 
213 | 136 | 106 | 125 | 157 
195 | 144] 97] 141 | 179 
: 206 | 134 | 108 | 108 | 132 
194 | 139] 108 | 90] 132 
175 | 138 | 119 | 108 | 114 
175 | 140 | 100 | 100| 93 
163 | 85] 97] 110 
147 | 117 | 96] 93] 92 
145| 110| 77] 73| 92 
151 | 119-| 78] 83 
166] 111] 80| 74] 67 
156] 83] 70| 77 
166 | 123] 88] 74] 96 
134] 115| 64] 651] 76 
126] 98| 72] 71] 52 
109} 86| 70] 71] 57 
100} 77| 62] 58] 82 
94/ 76| 66| 51] 59 
87] 61| 62] 64 
go} 69| 55| 72] 44 
| 70| 60] 59] 75 
59} 49] 52] 55 
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would have occurred had the epidemic not come, as shown for the months 
from January to August, 1918. Note, also, that there is no evidence of 
disturbances in the 0-4 age-groups, and none is seen in the data for the 
age-groups 0-1, 1-2, 2-3, 3-4, 4-5, which are not reproduced here. We 
would have expected to see the effect of influenza in the infant age-group, 
if anywhere. Is this increase, during the war-period, due to the in- 
creased industrial activities, in the manufacture of munitions in 1915 to 
1918? Wages increased to unheard-of levels, and men and women, who, 
in many cases, never before engaged in industry, worked day and night, 
urged on by the stimulus of war. As the men were called out for war 
service in 1917, women took their places in industry, and the death-rates 
for females began to rise about the same time. The age-groups most 
affected by industry, during this period, show the greatest disturbance in 
tuberculosis mortality rates. On the other hand, high wages and re- 
duction in tuberculosis death-rates usually go hand in hand. Or was 
the urge great enough to call into labor enough adults suffering with 
tuberculosis, who should have been in bed, sufficient to more than offset 
the beneficial influence of high wages and all that goes with it? 

Following the war young women have been working in offices and 
factories in increasing numbers. These women are chiefly drawn from 
the age-groups 15-30. Is the increase in the female death-rates in this 
age-group a reaction to industrial life? At the beginning of the war, 
labor had more or less won its fight with industry for shorter hours, 
better wages and better working conditions. Since the war, industrial 
hygiene has exercised a great influence in improving the working con- 
ditions of laborers. Mechanical devices are rapidly taking the place of 
hand labor. Wages have been good, and the living conditions of the 
American people are much improved over what they were in prewar 
times. Massachusetts is essentially an industrial and urban state. 
Sydenstricker (4) analyzed the data for New York State 1900-1926, 
showing data for urban New York, for ten cities, and for twelve counties 
representing a rural population of three-quarters of a million. This 
study shows a fall in urban rates since the war, similar to that of Massa- 
chusetts, but the trend has changed but slightly, if any, in the rural 
counties. ‘These data are for a population rather small, from which one 
can draw evidence to prove that the fall in the tuberculosis death-rates 
of Massachusetts is an industrial phenomenon, but it is suggestive and 
is offered here as such. 


| 

| 
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NEW YORK CITY: TUBERCULOSIS, ALL FORMS 


These data have been plotted along with those of Massachusetts for 
comparison, figures 34-43. Note the similarity in the rates for females 
in Massachusetts and New York City in respect to both slope and magni- 
tude. Most of the reduction in the tuberculosis rates has occurred 
among the males. There has been practically no change in the trend 
of the mortality of females from all forms of tuberculosis in New York 
City in the age-groups over fifteen years. In the 15-25 female age- 
groups there was a marked and significant increase in mortality rates 
during the war period between 1916 and 1919, which increase was greater 
in height above the prewar trend and longer in duration than in the 
male age-groups 15-29. Following the war, the rates for these female 
groups returned to the prewar trend. In all other age-groups, both 
male and female, there was no significant increase in the rates during 
the war period. There is a marked increase in the rate of decline of 
the mortality rates for males, beginning about 1915, in all age-groups 
except males over 80. 

Figure 22 illustrates the course of pulmonary-tuberculosis mortality in 
New York City since 1898 for all ages by sex, with a comparison with 
similar rates for Massachusetts. This graph shows the rise in 1918 
in the rates for females, which occurred only in the age-groups between 
15 and 35. Note its absence in the male rates. Is this difference in 
tuberculosis mortality, in Massachusetts and New York City, due to the 
fact that Massachusetts is an industrial community, while in New York 
City the chief occupations of the citizens are office-work and merchan- 
dising? Ifthisis true, then it would follow that the people of New York 
City would not be engaged in industry to the extent that the people of 
Massachusetts were during the war period, and, if intense industrial 
activity, such as prevailed during the war, has a tendency to increase 
tuberculosis mortality, we would not expect to find an increase in tuber- 
culosis deaths in New York City during the war period, and, according 
to the mortality reports, there was practically none. There is another 
factor that in the opinion of the writer deserves consideration. With the 
outbreak of the World War in 1914 immigration from Europe practically 
stopped, and since the war it has been held in check by legislation. The 
new immigrant is generally looked upon as more susceptible to tuber- 
culosis than the native-born, probably because he is not adjusted to 
American life, and also because, when he comes, he often lives under 
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undesirable living conditions, which tend to expose him unduly to tuber- 
culosis. On the other hand, most of the increase in the rate of decline of 
tuberculosis is in the male sex. If the reduction in immigration has been 
a factor in the decline should the result not have been seen in both sexes? 


TUBERCULOUS MENINGITIS 


In table 5 will be seen the percentage of the total tuberculosis mortality 
due to each form of tuberculosis according to the experience of Massa- 
chusetts for 1921-1927. It will be seen that tuberculous meningitis is 


TABLE 5 
Tuberculosis in Massachusetts 1921-1927; percentages of the various forms 


MALE FEMALE 


the greatest cause of death next to pulmonary tuberculosis and causes 
nearly half the deaths from nonpulmonary tuberculosis. Figure 23 
illustrates the course of this form of tuberculosis since 1865. The dotted 
line, presenting the data as reported by the United States Census Bureau, 
shows that in this disease the United States reports and Massachusetts 
reports aresimilar. Table 6 shows the distribution of mortality by age- 
groups. Figure 24 shows the distribution of mortality by months 
since 1865, by decades. There is a peak occurring about April or May 
and a depression in November. ‘Table 6 also shows the mortality rates 
by age-groups and sex for three periods since 1865. Note that although 
the death-rates from this disease are now but 14 per cent of what they 
were in 1865, practically all the reduction has occurred in the age-groups 
under ten years of age, being greatest in infancy. Over 65 per cent of 
deaths from tuberculous meningitis occur in children under five years 
and 77 per cent in children under ten years of age. 
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TABLE 6 
Tuberculous meningitis in Massachusetts; average mortality rates for the following periods:* 


MALE FEMALE 


AGE-GROUPS 
1865-1899 1900-1917 1918-1927 1865-1899 1900-1917 1918-1927 


00 


4-5 
5-9 
10-14 
15-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
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* Mortality rates for age-groups under 5 years of age are from 1887 to 1927. 


Tuberculous meningitis in Massachusetts in 1912-1927; total deaths in 16 years were 5,602 
as follows: 


Per cent Per cent 


a 


ann 
n 


CH Wawana 
We 


All ages 2,980 


Males 114 
Females 100 


Ratio 


0-1 455 190 371 151 Si 
1-2 270 158 222 138 75.4 
2-3 111 72.7 , 97.6 69.3 38.8 
3-4 60.6 44.8 55.5 41.0 26.8 
| MALES FEMALES 
Deaths 
i 0-1 649 21.8 519 
1-2 686 23.0 568 
2-3 307 10.3 300 
3-4 203 6.81 180 
4-5 130 4.36 138 
0-4 1,975 66.3 1,705 
5-9 331 14 329 
10-14 111 3.70 142 
15-19 78 2.62 103 
20-29 192 6.45 161 
30-39 137 4.60 91 
40-49 85 2.85 43 
50-59 43 1.44 26 
60-69 Zt 0.705 15 0.57 
70-79 7 0.235 7 0.267 
93.2 2,622 46.8 
| | 
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ABDOMINAL TUBERCULOSIS 


Referring again to table 5, we see that abdominal tuberculosis causes 
about 3 per cent of tuberculosis mortality. Table 7 shows the mortality 
rates as averages for three periods between 1865 and 1927, and also the 
percentages by age-groups and sex. Note that since 1912 one-quarter 
of the deaths occur under five years of age. In the age-groups 0-9 the 
male deaths are to female deaths as 1.74 is to 1.00, and in the age-groups 
15-19 the ratio is reversed. However, if all ages are taken together, 
the deaths are equally divided between the sexes. Note that prior 
to 1912 the rates for the age-group 0-1 were extremely high, and those 
for the age-group 1-2 less so. 

In figure 25 the data for abdominal tuberculosis are illustrated both as 
reported by Massachusetts and by the United States Census Bureau. 
The precipitous drop from 1908 to 1912 is obviously beyond the range of 
probability. The data as reported by the United States Census Bureau 
are certainly more probable. Figure 26 shows the rates for tuberculosis 
(all forms) and abdominal tuberculosis, both for the age-group 0-1 and 
abdominal tuberculosis for the age-group 1-2. The extreme deviation is 
apparent in these graphs. In all other age-groups this precipitous drop 
in the rates between 1908-1912 does not appear; therefore it is quite safe 
to conclude that the change, whatever the cause may have been, in- 
volved chiefly, if not entirely, the first two years of life. 

The data for abdominal tuberculosis were plotted by months, the 
trends drawn in by inspection only, and the data for figure 27 read off 
from the trends at the years 1865, 1908, 1912 and 1927. These data are 
approximately correct. The curve for 1912 was not drawn in, as it would 
have crowded the graph, but it is quite similar to that for 1927. Note the 
peaks during the late summer months in the curves prior to 1912 and 
their places taken by a slight depression in 1927. Obviously prior to 1912 
the abdominal-tuberculosis deaths, as reported for Massachusetts, in- 
cluded also 1,000 to 1,500 deaths per year in the 0-1 and 1-—2-year age- 
groups that were due to some other disease, probably some form of 
summer diarrhoea, which was particularly fatal to young children in the 
late summer months. Probably an intensive study of infant deaths in 
this state would disclose some such classification showing a marked 
change in the opposite direction to that of abdominal tuberculosis 
between 1908-1912. 

Now, just for argument, let us draw into figure 25 the dotted line called 
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TABLE 7 


Abdominal tuberculosis in Masssachusetts; average mortality rates for the following periods:* 


AGE-GROUPS 


MALES 


FEMALES 


1865-1900 


1901-1911 


1912-1927 


1865-1900 


1901-1911 


1912-1927 


0-1 
1-2 
2-3 
3-4 
4-5 
5-9 
10-14 
15-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
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ae 


oo 
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1,196 
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24.9 
13.0 
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* Rates for age-groups under 5 are from 1887 to 1927. 


Abdominal tuberculosis in Massachusetts, 1912-1927; total deaths in 16 years were 2,070, 


as follows: 


Deaths 


Per cent 


Deaths 


Per cent 


139 


w 
ATW 


wm 


wwhnrt 
oo 
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SS 


| 

| 
1,832 1,540 1,605 

194 119 194 

20.6 34.1 

1 16.4 16.5 

i 1 10.5 

4.9 

7 

9 

6 

| 

8 

| 

4 

MALES FEMALES 

{ 

0-1 = 13.3 58 = 
1-2 105 10.05 74 

2-3 45 4.3 33 

3-4 35 3.36 14 

4-5 25 4 14 

0-4 349 5 193 

5-9 77 48 

10-14 40 83 38 

15-19 56 .37 84 

20-29 138 2 217 

30-39 100 6 154 

40-49 105 05 124 

50-59 91 8.72 86 

60-69 54 5.17 50 
| 70-79 28 2.68 28 | 
| 80+ 5 0.48 

All ages 1,043 80.4 1,027 49.6 
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the hypothetical trend, and let it represent the trend of the actual abdom- 
inal-tuberculosis mortality. Let us calculate the difference per year 
between the hypothetical trend in figure 25 and the original data, and 
deduct the difference from the original data for nonpulmonary tuber- 
culosis and tuberculosis (all forms), and the result is illustrated in figure 
28. Note how closely and uniformly the hypothetical curve for tuber- 
culosis (all forms), so obtained, varies with the curve for pulmonary 
tuberculosis. There is no reason for believing that this hypothetical 
curve is a picture of the actual rates, but it is shown here merely to 
illustrate roughly the probable extent to which the original data prior 
to 1912 deviate from the probable trend. The writer prefers not to use 
at all either the original or estimated data for tuberculosis (all forms), 
nonpulmonary and abdominal tuberculosis for Massachusetts prior to 
1912 unless they can be used with the rates for age-groups 0-2 prior to 
1912 excluded, as in figures 3443. 

Figures 29, 30, and 31 are self-explanatory. Note the relatively high 
childhood mortality in England and Wales for 1901-1910 as compared 
with that in this country, while on the other hand the adult mortality 
in New York City exceeds that in England and Wales. Note the close 
similarity between the rates for New York City and Massachusetts, 
except for the rather high mortality in New York City among adult 
males. Also, note the lower childhood mortality among children in the 
United States Registration Area as compared with Massachusetts or 
New York City. 

Figure 32 illustrates the data for England and Wales for 1923, and for 
Sweden for 1921, each for one year only. These data must, therefore, 
be used with caution, and due allowance made for the chance yearly 
fluctuation, which is characteristic of all data. Note that the rates for 
Sweden are much higher than those for England and Wales. The rates 
for the males of Sweden, however, are only greater in the young-adult 
groups than those of England and Wales, but the ratio of the rates for 
females of Sweden and of England and Wales are nearly 2:1. In Sweden 
the rates for all ages show the rates for females slightly in excess. In 
Ireland and Switzerland the crude rates are higher than those of England 
and Wales, and in the two former countries the rates for both sexes are 
about equal. In other words, the rates for males are but slightly greater 
than those of England and Wales, but the rates for females are very high 
when compared with the rates for females in England and Wales. These 
data are well illustrated and discussed by Whitney and Wilcox (3). 


384 WALTER W. LEE 


Note that in all groups in which the rate of decline, prior to the war 
period, varied with the sex, it was greater in the females. This is par- 
ticularly significant in the adult groups, and is of vital importance. The 
influence of this phenomenon, no doubt, has been, is, and probably will 
continue to be, one of the greatest factors in the decline of the tuber- 
culosis mortality. Tuberculous infection usually occurs in childhood, 
and depends on adequate dosage, frequently applied, to establish itself 
in the human system. The rapidly declining death-rate among adult 
females indicates a reduction in the tuberculous infection of the mothers. 
Since mother and child live in such close contact, this cannot help but 
reduce the amount of infection of children. With the reduction of the in- 
fection of children, we would expect to find that the mothers, when 
these children reach adult life, and some of them become mothers, will 
be less infected and, therefore, their children less exposed to tuberculosis, 
and so on, creating, from the point of view of the tubercle bacillus, a 
vicious circle. Since the death-rate in the 0-4 age-group is but 5 per 
cent of what it was in 1865, may we not look forward to the time in 
the not very distant future, when tuberculosis will cease to be a major 
cause of death? ‘The general tendency for this disease to diminish, as our 
past experience clearly shows, together with modern antituberculosis ac- 
tivities among children, should tend to maintain, if not accelerate, the 
postwar trend of tuberculosis mortality. If the present rate of decline 
in all forms of tuberculosis can be maintained within the next forty 
years tuberculosis will rank much as diphtheria does now as a cause 
of death. 


SUMMARY 


In this article the writer has attempted to gather together and present, 
in comparable form, the available data concerning tuberculosis mortality. 
The following points appear to the writer to be of particular interest: 

1. The ratio of tuberculosis mortality in whites and negroes varies 
in the different age-groups between 1:2 and 1:5. 

2. In white children tuberculous-meningitis mortality exceeds that 
from pulmonary tuberculosis, while in the negro race pulmonary-tuber- 
culosis mortality exceeds all other forms in all age-groups. 

3. Childhood mortality, as compared with adult mortality, in negroes 
greatly exceeds that in whites. 

4. Negro and white mortality rates from tuberculous meningitis are 
equal in children under ten years of age. 
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5. In Massachusetts the tuberculosis mortality rates increased signifi- 
cantly during the World War period 1914-1918, the increase for the 
males beginning about 1915 and the increase for females beginning 
about 1917. 

6. The rates for females have returned to the prewar trend except in the 
age-groups 15-29, in which groups the trends, though still declining, are 
falling at a less rapid rate than prior to the War. 

7. Practically all the reduction in tuberculosis in Massachusetts below 
the prewar trend has occurred in the adult-male wage-earning groups. 

8. The ratio of males to females in Massachusetts in the age-groups 
10-14is 1:3. This ratio has been constant since 1865. This peculiar re- 
lationship has been well discussed by Putman (5). 

9. There was little if any apparent influence on the tuberculosis mor- 
tality caused by the influenza epidemic of 1918. 

10. There was very little increase in tuberculosis mortality in New 
York City during the World War in the male age-groups except for a 
little in the 15-29 age-groups. On the other hand, there was a marked 
increase among the female 15-25 age-groups, far exceeding that of the 
males of the same age-groups. 

11. There was a marked fall of tuberculosis mortality in the male age- 
groups, beginning about 1915, and the postwar trend is considerably 
below that of the prewar period. 

12. In a general way, the rates for females of all ages in New York City 
are similar to those of Massachusetts, but the rates for males in New 
York City were much higher than those for males in Massachusetts, 
especially in the older age-groups prior to the War. Since the War, the 
rates for males of both groups have tended to become more nearly equal 
and significantly lower than the prewar trend. 

13. The mortality rates for abdominal tuberculosis, as reported in 
Massachusetts for the 0-2 age groups, were extremely high prior to 1912 
as compared with the records of the U.S. Census Bureau. There was a 
marked change in the distribution of the deaths, by months, since 1912. 
Obviously the data for abdominal, nonpulmonary, and all forms of 
tuberculosis prior to 1912 are not comparable with the data since 1912. 

14. The trend of tuberculosis mortality for adult females has been 
declining at a much more rapid rate than that for males for the last 
30 years or more. At the same time the rates for children under five 
years have fallen 95 per cent since 1865. No doubt, the reduction in the 
tuberculous infection of young adult females, to which group the mothers 
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belong, has been a great factor in reducing the infection of the children. 
The reduction of the infection of children of to-day will result in a reduc- 
tion of the infection in the mothers of the succeeding generation. Had 
the trends for males and females during the last fifty years been inter- 
changed, the general tuberculosis rate of to-day would probably have 
been double what it is. Such a condition more or less prevails in Ireland 
and Switzerland where male and female mortality rates have always been 
high and equal. 

15. If the present trend of tuberculosis mortality shall be main- 
tained in the future, by 1970 the general tuberculosis death-rate should 
be about ten per 100,000 population, or similar to that of diphtheria 
at the present time. 
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EPIDEMIOLOGY OF TUBERCULOSIS 


Logs.of the Rates 


FIGURE 1 
TUBERCULOSIS IN THE REGISTRATION AREA OF 1920 
Comparison of Pulmonary and Non-pulmonary Tuberculosis 
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FIGURE 2 
VARIOUS FORMS OF TUBERCULOSIS IN THE REGISTRATION AREA OF 1920 .co9 
COMPARISON OF THE MORTALITY RATES IN WHITE AND NEGRO MALES 1920-24 
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Figure 3 FIGURE 4 
Pul tous TUBERCULAR MENINGITIS IN 1920-21 
monary reulosis IN THE REGISTRATION AREA OF.1920 
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FIGURE 5 
MILIARY TUBERCULOSIS 


IN THE.REGISTRATION AREA OF 1920 °20 


00,000 


Logs. of Rates 


yw 


Upper pair Negroes 

Lower pair Whites 
Males 

Fomales 


a 


& 
.a 
& 
| 


Registration Area 
of 1920. 
Average Rates for 
1920-21 


r 100,000 


tes pe 


UPPER PAIR NEGROES \ 
LOWER PAIR WHITES 


y Ra 


Mortalit 
on 


7S. 
80 


YY YD DD D 
Ov 
5 
20 
25> / 
30> 2 
359 
40% 
450 
\ / 
\ / 
60; 4 
| 
/ 
/ 
: 
10 
20 
25 
30 
35 4 
40 
45 4 
50 uA 
55 
65 
70 / 4 
ite 
Logs... of .the Rate 
10 
20 
35 
Pt 
40 
/ / 
5 50 / / 
55 / 
60 
65 
70 
75 — 
80 
an 
tality Rates | 
389i, 


390 WALTER W. LEE 


FIGURE & 
ABDOMINAL TUBERCULOSIS IN 1920-21 
IN THE REGISTRATION AREA OF eat 
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FIGURE 9 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE=GROUPS 5-9 


Figure 10 
Pulmonary Tuberculosis in Massachusetts Age-group 10-14 
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FICURE 11 
TUBERCULOSIS IN MASSACHUSETTS AGE-GROUP 15-19 
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FIGURE 12 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE-GROUP. 20-29. 
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FIGURE 14 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE=GROUP 40-49 
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FIGURE 15 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE=GROUPS . 50-59 
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FIGURE 16 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE=GROUP 60-69 
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FIGURE 17 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS AGE=GROUP 70-79 1000 
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FIGURE 18 
2.6. PULMONARY TUBERCULOSIS IN MASSACHUSETTS ALL AGE GROUPS 
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FIGURE 19 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS 
DEATHS PER MONTH ADJUSTED TO THIRTY DAY MONTH 
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FIGURE 20 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS 
DEATHS PER'MONTH ADJUSTED TO THIRTY DAY MONTH 
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FIGURE 21 
PULMONARY TUBERCULOSIS IN MASSACHUSETTS 
DEATHS PER MONTH ADJUSTED TO THIRTY DAY MONTH 
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FIGURE 22 
PULMONARY TUBERCULOSIS IN 
NEW_YORK CITY & MASSACHUSETTS, 
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FIGURE 23 
-TUBERCULAR MENINGITIS IN MASSACHUSETTS.ALL AGES, 
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FIGURE 24 
MENINGITIS(T.B.) IN MASSACHUSETTS 
ANQUAL DEATH RATES PER 350 DAY,MONTH 
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FIGURE 25 


ABDOMINAL TUBERCULOSIS IN MASSACHUSETTS. ALL AGES. BOTH SEXES 


6: As Recorded in Mass. Reports 
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FIGURE 26 
TUBERCULOSIS IN MASSACHUSETTS 


T.B.All Forms age-group O-1 
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FIGURE 30 
COMPARISON OF THE MORTALITY RATES FROM TUBERCULOSIS(all forms) 
AVERAGES TAKEN FROM THE TREND LINES AT THE YEAR 1912 
NEW YORK CITY MASSACHUSETTS 
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FIGURE 32 
TUBERCULOSIS ALL FORMS 
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FIGURE 33 
TUBERCULOSIS, ALL FORMS. AVERAGES FOR THE YEARS 1920-25 
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FIGURE 34 
TUBERCULOSIS ALL FORMS. 
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FIGURE 35 
TUBERCULOSIS ALL FORMS 
NEW YORK CITY AGES 5-9 MASSACHUSETTS AGES 5-9 
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FIGURE 36 
TUBERCULOSIS ALL FORMS 
NEW YORK CITY AGES 10-14 ,MASSACHUSETTS AGES 10-14 
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FIGURE 57 
TUBERCULOSIS ALL FORMS 
AGE GROUP 15-19 MASSACHUSETTS 
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FIGURE 40 
TUBERCULOSIS ALL FORMS 


NEW YORK CITY AGES 40-44 MASSACHUSETTS AGES 40-49 NEW YORK CITY AGES 45-49 
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FIGURE 42 
TUBERCULOSIS ALL FORMS 
NEW YORK CITY AGES 60-65 MASSACHUSETTS AGES 60-69 NEW YORK CITY AGES 65-69 
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TUBERCULOSIS IN PUBLIC-SCHOOL CHILDREN!” 


EUGENE L. OPIE, H. R. M. LANDIS, F. MAURICE McPHEDRAN anp 
H. W. HETHERINGTON 


Tuberculosis, as recognized by the customary methods of medical 
inspection in schools, is manifested by physical signs, and by loss of 
weight, fever and other symptoms. ‘These reveal children with clinical 
tuberculosis who may then be removed from the schools and put under 
conditions that favor their recovery. Sanatorium treatment gives these 
children with manifest tuberculosis the best chance of recovery. 

There is, however, another large group of children with advanced tu- 
berculous infections that present greater difficulties to the medical 
examiner because they are unaccompanied by symptoms or physical 
signs. It has long been known that many children acquire tuberculous 
infection who are nevertheless in apparent good health. There is no 
loss of weight, none of the signs of tuberculosis, and no fever. The ma- 
jority of them are in good health, will always remain in good health, and 
require no consideration. The rest, however, have more serious infec- 
tions, a considerable proportion of which will, unless checked, become 
clinical tuberculosis. How can we determine what children have in- 
fections of this type so that we can put them under conditions that will 
prevent further progress of the disease? Until this question is answered 
open-air schools, preventoria and summer camps cannot be used effec- 
tively to control tuberculosis. 

In the present study the attempt has been made to apply the knowledge 
of latent tuberculosis that has recently been acquired by investigation of 
the spread of tuberculosis in families (1) to the recognition and control of 
tuberculosis in schools. 

It is evident that all infection with tuberculosis does not occur within 
the family. The tuberculin reaction does, it is true, show that infection 
occurs before the fifth year in 80 per cent of the children of families hav- 
ing a member with open tuberculosis, and in only 20 per cent of the chil- 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, 
Pennsylvania. 
2 Aided by a grant from the Metropolitan Life Insurance Company of New York. 
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dren of families not harboring a source of contagion. Nevertheless 
among children in whose families there is no tuberculosis the incidence of 
the tuberculin reaction increases gradually from zero at infancy to almost 
100 per cent at the age of 20 years. Thus infection evidently occurs in 
part outside of the family. The possibility suggests itself that transmis- 
sion takes place within schools, where during the ages from 6 to 16 years 
children are in intimate contact with one another. Furthermore our 
knowledge of the spread of latent disease within families has suggested 
that infection may spread similarly within schools whenever open tu- 
berculosis makes its appearance there. 

Our study began three years ago with a survey of two white schools 
having between them approximately 800 pupils, and of a large colored 
school with approximately the same number. The purposes in view were 
to discover manifest tuberculosis, to determine the incidence of latent 
disease, particularly of the more advanced forms, and to learn what rela- 
tion one bears to the other. The investigation has had the cordial ap- 
proval of the Board of Public Education of Philadelphia and the constant 
effective assistance of the Division of Medical Inspection of Public 
Schools under the direction of Dr. Walter S. Cornell. The work pro- 
gressed slowly, requiring more financial support than the Phipps Insti- 
tute could supply, and has been continued with the aid of a generous 
appropriation from the Metropolitan Life Insurance Company. It has 
had the supervision of a committee with the following membership: 
Dr. Lee Frankel, Dr. Charles H. Hatfield (Secretary), Dr. A. S. Knight 
(Chairman), Dr. H. R. M. Landis, Dr. A. J. Lanza and Dr. E. L. Opie. 

The ultimate aim of the investigation has been to find some simple 
method by which the absolutely large though relatively small number of 
children affected with advanced tuberculous infection may be selected 
from the great number of pupils attending the public schools. The new 
feature we have proposed to introduce into the scheme is a consideration 
of advanced latent tuberculosis, which our studies of contagion in families 
have shown may be the precursor of manifest disease. In the study cited 
we found that the means of recognizing these latent infections are 
chiefly the tuberculin reaction and X-ray examination. A history of 
contact with tuberculosis is also obviously important, though difficult 
to obtain from school children. 

We will cite some of the types of advanced tuberculous infection un- 
associated with physical signs and significant symptoms, which may be 
designated “latent”’: 
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There is a large group of infections in which tuberculosis of the tracheo- 
bronchial lymph nodes is recognizable by X-ray examination. We have 
designated this lesion tuberculosis of the tracheobronchial lymph nodes 
because this is what is conspicuous. Greatly enlarged caseous lymph 
nodes are occasionally outlined sharply, but involvement of the lymph 
nodes can usually be recognized roentgenographically only when there are 
calcified masses in contact with the trachea or larger bronchi. Thicken- 
ing of the mediastinum or increased density of the hilum of the lung 
does not furnish definite evidence of the lesion. An intense tuberculin 
reaction is usually associated with advanced tuberculosis of tracheo- 
bronchial lymph nodes that is not in process of healing, but the severity 
of the reaction is not an exact measure of the gravity of the infection. 

There is another group of latent infections in which infiltration of the 
lung is recognizable by X-ray. It is noteworthy that evident infiltra- 
tion isnot alwaystuberculous. The differential diagnosis of the tubercu- 
lous lesions is dependent upon association with severe tuberculin reac- 
tion, with tuberculosis of adjacent tracheobronchial lymph nodes, or 
with contact with open tuberculosis in mother, father, sister or brother, 
or some other member of the household. These are of the childhood 
type, and occur in any part of the lung-field and not more frequently in 
the apex than elsewhere. When they are discovered it occasionally 
happens that physical examination directed to the spot reveals physical 
signs previously overlooked. 

The most important group of latent infections is the apical lesions of the 
adult type that occur in adolescent children from approximately 12 to 
18 years of age. They are recognized in children apparently in good 
health, with no loss of weight, no significant symptoms, and no elevation 
of temperature. Physical signs, notably rales, may appear later over the 
affected apex. Following these children during a period of years, we have 
repeatedly observed extension of the latent lesion, development of all 
the characteristic physical signs of apical tuberculosis in adults, with loss 
of weight, and appearance of tubercle bacilli in the sputum. 

The tuberculin test performed on 4,000 children has shown that tu- 
berculous infection is scarcely less frequent in one of the largest cities of 
this country, namely, Philadelphia, than it was in the cities of Europe 
twenty yearsago. Nosupport has been found for the opinion that paral- 
lel with the diminishing mortality from the disease in recent years there 
has been corresponding diminution in the prevalence of concealed in- 
fection. Not only is latent tuberculosis so widespread that few children 
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escape before they have reached adult life but in many instances it is so 
advanced that it is a grave menace to life. 

This prevalence of latent tuberculosis with the somewhat appalling 
frequency of advanced infection approaching manifest disease suggests 
that mortality from tuberculosis might again increase if conditions favor- 
ing the disease should make their appearance. Statistics indicate that 
these conditions prevailed in some parts of Europe during the World 
War. 

Our observations indicate that sex and race modify both the fre- 
quency and severity of tuberculous infection in school children. 

Girls react to tuberculin somewhat more often than boys, the differ- 
ence being least between the ages of 10 and 15 years. The characteris- 
tic lesions of tuberculosis in childhood, namely, pulmonary foci and 
corresponding lesions of lymph nodes, are recognized by’ roentgenologi- 
cal examination slightly more frequently in girls than in boys and the 
difference is doubtless attributable to the greater size as well as number 
of these lesions. 

Much more remarkable are the prevalence and severity of infiltrating 
lesions of the lung in adolescent girls. In the period between 12 and 20 
years of age (there were a few pupils over 18 years) recognizable infiltra- 
tion of the lung parenchyma was much more frequent and usually much 
more advanced in girls than in boys, and infiltration with symptoms and 
physical signs, that is, tuberculous disease in the usual sense, was dis- 
covered more than twice as often in girls asin boys. This observation is 
in accord with the greater mortality of girls from tuberculosis during 
adolescence and in early adult life. 

There has been much discussion concerning the cause of the high 
death-rate in girls. Some suggest that recent fashions in clothing and 
modern habits are responsible for it. Statistics analyzed by Putnam 
(2) however show that there has been a higher death-rate in girls between 
10 and 14 years than in boys in each of the decades from 1870 to 1920. 
Putnam reaches the conclusion that the difference between the sexes is 
associated with physiological changes occurring at puberty and in adoles- 
cence. There is the further possibility that girls may be subject to 
severer infections because they are usually in more continuous and pro- 
longed contact with relatives who suffer from tuberculosis. In discus- 
sion of the subject the frequency with which tuberculosis is acquired 
within the household should not be overlooked. 

Although latent lesions have been found somewhat less often in colored 
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than in white children manifest disease has been more frequent in the 
colored. The latter has been found four times as often in colored chil- 
dren between the ages of 12 and 18 years as in adolescent white children 
of corresponding age. 

It is noteworthy that the grave tuberculous lesions of adolescence 
characteristically implicated the apex and conformed with tuberculosis 
in adults. With approximately one-half of them the calcified scars of a 
first infection were large enough to be recognized by roentgenological 
examination. 

It was forecast in a former publication (1) and has been amply con- 
firmed by subsequent observations that Jatent apical tuberculosis of 
adolescence is often the precursor of manifest disease of early adult life. 
The urgent need of repeated roentgenological examination of adolescent 
children who have been exposed to contact with tuberculosis is obvious. 

A review of some of the diagrams appended to these studies will show 
that infiltrating lesions accompanied by no loss of weight, fever, cough 
or other symptoms and without physical signs are often no less extensive 
than those that represent the early stages of clinically manifest disease. 
These diagrams, prepared from roentgenological films that depict with 
considerable accuracy the anatomical position and extent of the pulmo- 
nary lesions, show that latent lesions of the apex areoccasionally even more 
widespread than those that are recognizable by the usual methods of 
physical diagnosis. 

The chief purpose of this study has been to discover what children 
might profitably receive treatment directed to prevent further develop- 
ment of tuberculosis. In Philadelphia as in many other cities of this 
country open-air schools have been established to receive children with 
tuberculosis not sufficiently advanced to require sanatorium treatment. 
Here children have periods of rest and extra nourishment (nutrition- 
tuberculosis classes). The difficulty of selecting children suitable for 
these classes has been very great; indeed in the absence of tuberculin 
tests and adequate roentgenological examination it is insuperable. 

Children with symptoms or physical signs obviously referable to tu- 
berculous infection should receive sanatorium treatment or its equivalent. 
Children with clinically recognizable tuberculosis of the lungs or of other 
organs, but with sputum negative if present, may be received in nutri- 
tion-tuberculosis classes pending admission to a sanatorium or they may 
enter these classes after discharge from the sanatorium. Thisis, however, 
not presumably the purpose for which they are established. They pre- 
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sumably care for children who are in such an early stage of tuberculous 
infection that its progress may be stopped. Their aim is identical with 
that of the preventorium and methods for the discovery of children suit- 
able for nutrition-tuberculosis classes will be equally applicable to the 
preventorium. 

Some of those who have attempted to find children with grave tubercu- 
lous infection that has not revealed itself by destructive symptoms or 
physical signs (“pretuberculosis”) have assumed that underweight is an 
index to concealed tuberculosis. One of us(3) has found that there is no 


correlation between tuberculous infection as determined by the tuberculin 


test and diminished body weight, and has shown that underweight can- 
not be used to discover the graver lesions revealed by roentgenological 
examination. 

Tuberculous infection is recognizable by the tuberculin test but the 
test cannot be used to determine the severity of infection. Roentgeno- 
logical examination is the only means by which the position and extent 
of latent tuberculous lesions can be determined. 

Study of the spread of tuberculous infection in families (1) has shown 
that a large part of both clinically manifest and grave latent tuberculosis 
makes its appearance in families of which some member suffers with open 
tuberculosis. All children known to have been exposed to open tubercu- 
losis should receive repeated tuberculin tests and, when the reaction is 
positive, roentgenological examination, even though they are apparently 
well and their weight is equal to or greater than the normal for their age 
and height. 

Prophylactic care controlled by repeated physical and roentgenologi- 
cal examinations furnishes a means by which advanced latent infection 
may be arrested before it has developed into clinically manifest disease. 
Children with the following conditions should receive special care in 
nutrition-tuberculosis classes or by some other regimen adapted to their 
needs and they are suitable for admission to a preventorium if it is 
available: 

(1) Manifest pulmonary tuberculosis with no symptoms, physical 
signs or roentgenological evidence indicating that the lesion is active. 
Such children have usually been treated in a sanatorium and have 
been discharged because the disease is regarded as arrested. Sputum if 
present must be demonstrated to be free from tubercle bacilli. 

(2) Latent apical tuberculosis. Lesions that in roentgenological films 
have the appearance of activity or are progressive on repeated X-ray 
examination should receive sanatorium treatment. 
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(3) Latent tuberculous infiltration of the lung often associated with 
tuberculosis of tracheobronchial lymph nodes. In some instances, par- 
ticularly in older children, these lesions are the scars of preéxisting in- 
fection. Evidence of activity or extension indicates the need of sana- 
torium treatment. 

(4) Tuberculosis of tracheobronchial lymph nodes, even though partly 
calcified, (a) when the child is still in contact with open tuberculosis; (b) 
when the reaction to tuberculin is unusually intense; (c) when the le- 
sions are unusually large or very numerous; (d) when they are asso- 
ciated with evidence of impaired health perhaps not referable to tubercu- 
losis and including advanced underweight. 

The study of the contagion of tuberculosis in families exposed to open 
tuberculosis has shown that children with the lesions just described are 
liable to develop manifest disease, but it is not assumed that the fore- 
going groups include all of the children who will develop manifest 
tuberculosis. 

The following types of tuberculous infection are widely prevalent 
among healthy children and do not require special care: 

(1) Infection demonstrated by a positive tuberculin reaction without 
lesion demonstrable by roentgenological examination even though 
there is contact with open tuberculosis. (Repeated examinations are 
however essential for all children in contact with open tuberculosis.) 

(2) Circumscribed nodules in the lung substance that have undergone 
calcification. 

(3) Roentgenologically demonstrable tuberculosis of tracheobronchial 
lymph nodes that are partly calcified, except under the conditions out- 
lined above. Sharply defined, very opaque lesions are likely to be healed 
or healing. 

Our observations have not decisively determined whether tuberculosis 
is transmitted by contagion within the schools. It is evident that in 
school buildings of such modern construction that overcrowding is pre- 
vented the medical inspection of school children with few if any excep- 
tions reveals the disease before the child begins to expel tubercle bacilli. 
Nevertheless in the absence of the methods directed to discover latent 
tuberculosis it is inevitable that rapidly progressive tuberculosis, particu- 
larly in adolescent colored children, will occasionally be far advanced 
before it is recognized. In one school (School A) high incidence of 
tuberculin reactions has suggested that infection was acquired within 
the school. It is noteworthy that this school has been subsequently 
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transferred to a new, spacious building. The possibility of contagion 
within the schools can be eliminated only by the use of methods that will 
reveal grave tuberculous infection before it has impaired health. 
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A SURVEY TO DETERMINE THE PREVALENCE OF 
TUBERCULOUS INFECTION IN SCHOOL 
CHILDREN! 


H. W. HETHERINGTON, F. MAURICE McPHEDRAN, H. R. M. LANDIS anp 
EUGENE L. OPIE 


A study of the contagion of tuberculosis made at the Henry Phipps 
Institute demonstrated that tuberculosis of the lungs and pulmonary 
lymph nodes in children is often far advanced before it impairs health (1). 
It showed that certain forms of latent infection foretell the approach of 
clinically recognizable tuberculosis, for in children in whom tuberculosis 
of the tracheobronchial lymph nodes has been discovered by roentgeno- 
logical examination tuberculosis of lung parenchyma may progress so far 
that the disease is manifested by symptoms and physical signs. Latent 
apical tuberculosis making its appearance during adolescence may be the 
precursor of pulmonary tuberculosis in early adult life. Children in 
whom advanced latent tuberculosis is discovered should be examined at 
frequent intervals and should receive treatment directed to prevent fur- 
ther progress of the infection. Recognition of latent lesions is the first 
step in forestalling the appearance of manifest disease. 

This study demonstrated that few if any children exposed to contact 
with open tuberculosis escape infection as indicated by the intracutaneous 
tuberculin test. Advanced latent infection recognized by roentgenologi- 
cal examination as well as clinically manifest disease is far more frequent 
in these children than in those with no known exposure to the disease. 
The present study was undertaken three years ago to determine the 
incidence and severity of both latent and clinically manifest tuberculosis 
in the public-school children of Philadelphia and to discover whether tu- 
berculosis spreads within the schools. 

Observations upon the prevalence of tuberculosis in the school children 
of Massachusetts have been published by Chadwick (2). During two 
years 26,345 children were tested with tuberculin by the scarification 
method of Pirquet and 28.5 per cent reacted. The occurrence of reac- 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
sylvania. Aided by a grant from the Metropolitan Life Insurance Company of New York. 
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tions in childsen known to be in contact with tuberculosis was twice as 
great as that in noncontact children. ‘Hilum tuberculosis” was dis- 
covered in 4.8 per cent of the children who received roentgenological 
examination. Physical examination afforded very little assistance in 
the recognition of pulmonary tuberculosis in children and those with 
definite evidence of infiltration “‘as shown by mottling and fibrosis in the 
parenchyma were classified as having pulmonary tuberculosis.” On 
this basis one per cent of children 14 and 15 years of age were found to 
have the disease and the incidence in girls was four times that in boys. 

A study of school children by roentgenological examination has been 
made by Rathbun (3) in Chautauqua County, New York. Of 3,678 
children 3.3 per cent had tuberculosis of tracheobronchial lymph nodes. 
He finds that children in whom this lesion has been discovered often 
develop pulmonary tuberculosis and recommends precautionary measures 
to prevent the disease. 

Among 1,057 children in schools for girls in Kiel, Brunn (4) found 5 
instances of pulmonary tuberculosis and in two of them the sputum 
contained tubercle bacilli. There were 23 instances of ‘active’ tuber- 
culosis of bronchial lymph nodes or ‘‘hilum tuberculosis” recognized by 
roentgenological examination. In 5 children fresh, doubtless uncalcified 
nodules were found in the lung and in 86 old or calcified foci. Roent- 
genological examination revealed pulmonary infiltration not discoverable 
by physical signs. 

Keiffer (5) tested with tuberculin by the percutaneous test of Moro 
2,051 school children of Cologne and obtained positive reactions in 672. 
Fluoroscopic examination of those who reacted revealed calcified tuber- 
culous lesions of bronchial lymph nodes in 16.4 per cent of children 
6 years of age and 13.9 per cent of children 8 years old. He found 
what he described as ill-defined tumor-like enlargement of bronchial 
lymph nodes 7 times. In 16 children there was “acute” infiltration of 
the lung and in 18 the remains of former acute infiltration. 


METHODS 


We have used the intracutaneous tuberculin test because with it 
measured quantities of standardized tuberculin may be applied. This 
method is more delicate than the widely used cutaneous scarification of 
Pirquet. Hamburger and Monti (6) tested a considerable number of 
children by the method of Pirquet and when there was no reaction, 
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injected after 48 hours 0.1 mgm. of tuberculin into the skin. If no 
reaction occurred 1 mgm. of tuberculin was injected after another interval 
of 48 hours. Of 509 children who were tested 181 (35.5 per cent) reacted 
to the Pirquet test and 271 (53 per cent) reacted to the intracutaneous 
injection of tuberculin. 

From a series of tests made on children with tuberculosis Happ and 
Casparis (7) reached the conclusion that thé Pirquet test is approxi- 
mately equivalent to the intracutaneous injection of 0.01 mgm. of tuber- 
culin. Nevertheless Austrian (8) obtained reactions with the intracuta- 
neous injection of 0.01 mgm. in children who had failed to react to the 
Pirquet test. The reaction should not be regarded as “‘negative”’ unless 
there is no response to 1 mgm. of tuberculin. 

The tuberculin test was made by injecting a measured quantity of 
tuberculin into the dermis. The strength of the tuberculin (OT) em- 
ployed was determined by intracutaneous injection into guinea pigs in 
accordance with the method of standardization recommended by Lewis 
and Aronson (9). Dilutions are prepared in such strength that 0.1 cc. 
contains 1, 0.1 and 0.01 mgm. of tuberculin. The weakest dilution 
(0.01 mgm.) is injected into the dermis after the skin has been cleansed 
with alcohol. The reaction is regarded as positive if oedema and redness 
are present at the end of 48 hours. If there is no oedema the reaction is 
negative. Reactions are arbitrarily graded from one plus (+) to four 
plus (+++-+). 

A reaction expressed by one plus (+) is a definite oedema, not more 
than 10 mm. in diameter and raised about 1 mm.; the area of redness is 
less significant and is usually much larger. 

A reaction of two plus (++) is a well-defined oedema in an area from 
10 to 15 mm. across and is raised somewhat more than 1 mm., with red- 
ness extending beyond the oedema. 

A reaction of three plus (+++) is an extensive oedema measuring 
more than 15 mm. but with no necrosis of the skin, and in a few instances 
redness extending along the course of the lymphatics adjacent to the site 
of injection. 

A reaction of four plus (++-++) is extensive oedema, redness and a 
spot of necrosis; it may be associated with malaise and elevation of 
temperature. 

It is well known that tuberculosis occurs with great frequency in the 
families of which some member suffers with open tuberculosis. In such 
families, observed during a period of years at the Henry Phipps Institute, 
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PROTECTION FROM TUBERCULOSIS 


To THE PARENTS: 


Tuberculosis is still one of the most dangerous diseases. It 
is much easier to prevent this disease than to cure it. 


The fact that there are fewer cases now than there were 
twenty years ago is due in part to better living conditions and in part to earlier 
medical examinations which have allowed prompt treatment. 


The pupils in the school are offered a special examination 
in order to discover those who need special protection from tuberculosis. All 
pupils, including those well and strong, will be benefited by such an examina- 
tion. 

An application blank is attached. The benefit of this exam- 
ination can not be received unless you sign the application and return it to the 
school. 


Epwin C. Broome, WALTER S. CoRNELL, Director, 
Superintendent of Schools. Division of Medical Inspection 


of Public Schools. 


To THE PRINCIPAL: 


I hereby request that 
NAME OF PUPIL 


may receive special health examination and tests for tuberculosis. 


RESIDENCE 


Form-LETTER TO PARENTS AND ATTACHED PERMISSION BLANK 
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PARENT OR GUARDIAN 

at 
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more than 10 per cent of the children have developed clinical tuberculosis, 
22 per cent have had advanced latent tuberculosis of tracheobronchial 
lymph nodes and 4 per cent latent apical tuberculosis. Examination of 
children exposed to open tuberculosis will reveal a far larger number of 
grave tuberculous infections than will be found in children with no known 
contact with the disease. Furthermore, children in contact with tubercu- 
losis but with no recognizable lesion at the time of examination will later 
develop disease with greater frequency than children with no contact. In 
this sense contact with tuberculosis may be regarded as an index to the 
severity of infection. A satisfactory history of exposure to tuberculosis 
by family contact is, however, seldom obtainable from school children 
and has given little aid in the discovery of infection. The desirability of 
knowing what school children are exposed to family contact with the 
disease is obvious. 

The roentgenological methods that have been found effective in the 
demonstration of pulmonary tuberculosis in children have been fully 
described by one of us (10). 


CONSENT OF PARENTS 


The greatest obstacle to the progress of the survey was the failure 
of parents to permit examination of their children. No physical exam- 
ination or test could be made until the parent or guardian had given 
written consent. A statement of the purpose of the examination was 
sent to the parents of each child and attached to it was a blank form 
that when signed gave the necessary permission. The form finally 
adopted is shown on the opposite page. | 

The principal and teachers of each school addressed the pupils urging 
them to take advantage of the proposed examinations. Consent was 
obtained from a much larger number of children in the elementary 
schools (61.6 per cent) than in the high schools (22.5 per cent). The 
parents of the younger children doubtless made the decision unaided 
whereas the older children probably influenced their parents. 

The number of parents who consented to the examination in School 
G was so small that in the survey of the next school a direct appeal was 
made to them. The letter that follows, signed by the principal of the 
school, was mailed to the homes of the pupils accompanied by the notice 
and blank form for consent described above: 
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To the Parents: 


The enclosed form concerns an examination for tuberculosis that will be conducted at the 
Gratz Senior High School. This examination has already been carried out on thousands 
of pupils in other Philadelphia Schools. 


Exposure to tuberculosis is often unrecognized. The result of the tuberculin test shows 
whether the pupil has or has not been exposed to tuberculosis. If the test is negative the 
examination is finished. If the test shows that there has been exposure to tuberculosis, 
x-ray films of the chest are taken to determine whether the disease may be present in a form 
that threatens to become serious unless checked. 


This examination is conducted by a physician with two nurses in attendance. Your boys 
and girls have nothing to lose by the examination, and it may be of life-long value to them. 
Please sign the application blank and send it through your son or daughter to school. 


I strongly urge that you take advantage of this opportunity. 


Sincerely yours, 
J. Ettwoop Catnoun, 
Principal. 


This letter may have increased the number of those who gave consent 
but its success was not conspicuous. 

A talk before the associations of parents organized in connection with 
many of the schools might secure more sympathetic consideration of the 
effort to discover tuberculosis in the pupils. 

The difficulty of obtaining consent to obviously needed examination 
of children is illustrated by the refusal of many parents to permit the 
examination of children who had been assigned to nutrition tubercu- 
losis classes because they had grave tuberculous infection. Individual 
appeal with few exceptions overcame their objections; it was usually not 
difficult to make them understand that repeated examination of their 
children was essential to any procedures undertaken to control infection. 
Nevertheless a few persisted in their refusal although the danger to the 
child was fully explained. 


EXAMINATION OF CHILDREN 


All children whose parents gave consent to the examination were tested 
with tuberculin, weighed and measured. The weight of the child is ex- 
pressed as a percentage of the normal weight for given age and height as 
determined in the tables of Dr. Bird T. Baldwin and Dr. Thomas D. 
Wood. 
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The subsequent procedure in different schools varied slightly. In 
School A children who reacted to 0.01 mgm. of tuberculin and children 
who were underweight were given physical and X-ray examinations. In 
School C all the children were given physical and X-ray examinations. 
In School D all children less than 10 years old reacting to 0.01 mgm. of 
tuberculin and all children more than 10 years old reacting to 1 mgm. of 
tuberculin were given physical and X-ray examinations. In the three 
high schools an X-ray examination was made of all children who reacted 
to tuberculin and a physical examination of all who had tuberculosis of 
tracheobronchial lymph nodes or diffuse lesions of the lung parenchyma. 


School A 


School A is for colored children only and is situated in a district in 
which there is a large colored population. We were influenced in the 
selection of this school by its proximity to Health Clinic No. 3 conducted 
by the Philadelphia Health Council and the Henry Phipps Institute for 
the care of colored patients with tuberculosis. 

The school at the time of the examination had 1,870 pupils and occu- 
pied an old building poorly adapted to its purpose. Overcrowding was so 
great that children were divided into three groups, which were taught 
during three successive periods of the day. When classes changed it 
often happened that one class entered a room as another left it and the 
corridors were at these times very closely crowded. 

The parents of 762 children, or 41 per cent, did not permit the exami- 
nation. 

Intracutaneous tuberculin tests were made upon 1,108 children with 
the results shown in table 1. 
TABLE 1 
Tuberculin tests made upon children of School A 
Colored 


GIRLS TOTAL 


BOYS 


AGES 


Number 
tested 


Per cent 
positive 


Number 
Positive 


Number 
positive 


Per cent 
positive 


Number 
tested 


Per cent 
positive 


Number 
positive 


Number 
tested 


3 and 4 


7 


5 


9 


2 


16 


7 


5 to 9 188 107 57.0 | 184 123 66.9 372 | 230 61.8 
10 to 14 294 256 87.1 | 329 271 82.4 623 | 527 84.3 
15 to17 42 40 95.3 55 49 89.1 97 89 91.7 
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Children with intense tuberculin reaction (reacting to 0.01 mgm. 
tuberculin) and children who reacted to tuberculin and were below normal 
weight were selected for further examination to determine whether 
they had physical signs or roentgenological evidence of tuberculous infec- 
tion. By this selection 258 children were asked to report for examination 
but some refused, so that the total number examined was 138. Refusal 
was, in part, due to lack at this time of X-ray apparatus transportable 
to the school. The result of these examinations appears in table 2. 


TABLE 2 
Results of X-ray examinations by age in School A 


WITH 

WITH WITH TUBERCULOSIS | WITH LATENT 

PULMONARY | PULMONARY | OF TRACHEO- APICAL 
NODULE | INFILTRATION | BRONCHIAL | TUBERCULOSIS| osIs 

LYMPH NODES 


Sto 9 45 3 4 (2) 2t 
10 to 14 85 2 9 3 
15 to 17 8 1 1 


138 6 1 13 1 5 


* Pulmonary infiltration with tuberculosis of tracheobronchial lymph nodes (indicated 


also by figure in brackets). 
{In one instance, manifest tuberculosis with tuberculosis of tracheobronchial lymph 


nodes (indicated also by figure in brackets). 


Study of families in which some member is expelling tubercle bacilli 
with the sputum has shown that the infection is transmitted to children 
of the family so that they react to tuberculin and most of them exhibit 
lesions of latent or manifest tuberculosis. It has seemed not improba- 
ble that similar spread of the disease might occur in schools in which 
there were children with open tuberculosis. If children within the 
school are a source of infection it is probable that the incidence of in- 
fection in their classes will be higher than in others. Nevertheless the 
effects of contagion, should it occur, would be obscured by constant 
changes in the classes, pupils being frequently transferred from one 
class to another. 

Table 3 shows the incidence of positive tuberculin tests, the incidence 
of latent lesions demonstrable by roentgenological examination and the 
occurrence of manifest tuberculosis recognizable by physical signs in each 
class of the school in which the number of pupils tested was 20 or more. 

The table does not show that infection has been conspicuously preva- 


AGE 
Total. ...... 
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lent in any of these classes. In those in which clinical tuberculosis or 
disease of the tracheobronchial lymph nodes has occurred the percentage 


TABLE 3 
School A by classes 


RESULTS OF X-RAY EXAMINATION 


AVERAGE | TUBERCU- ‘Shoe 
_| Pulmo- | losis of | Latent | Clinically 
_ Dary tracheo- apical | manifest 

Te we infiltra- | bronchial | tubercu- | tubercu- 
tion lymph losis losis 
nodes 


8B 
8A 


7A2 
7A1 
6B1 
6B2 
6B3 
6Al1 
6A2 
5B1 
5B2 
5A1 
5A2 
4B2 
4B3 
4A2 
4Al 
3B2 
3B3 
3A1 
3A2 
3A3 
2B1 
2B2 
2B3 
2A2 
2A3 
1B2 
1A2 
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of tuberculin reactions has not been unusually high. Thesmall numberof 
children in each class and the frequent transfer of pupils from one class to 
another would tend to confuse the evidence of contagion. 


crape | NUMBER 
25 14.3 | 92.0 0 
23 | 14.2 | 82.7 0 
7B2 34 13.6 | 91.2 0 
7B1 24 14.0 | 87.5 1 
37 13.1 | 91.9 0 ; 
28 13.38 | @2 0 
26 13.0 | 77.0 0 4 
25 12.7 | 96.0 0 : 
30 12.8 | 80.0 0 { 
34 12.8 | 91.2 0 : 
36 13.1 | 91.7 0 
23 11.9 | 82.7 0 : 
46 12.2 | 87.0 0 i 
34 11.5 | 70.6 0 
33 11.7 | 91.0 0 
35 10.6 | 91.5 0 
31 10.0 | 77.5 1 
33 11.7 | 87.9 0 
31 10.2 | 77.5 0 : 
43 10.5 | 86.1 1 | 
28 75.0 0 
32 84.4 0 : 
23 69.6 0 
32 75.0 0 : 
31 64.6 0 F 
21 71.5 0 
30 70.0 0 
24 58.4 1 ‘= 
22 59.1 0 
20 65.0 0 
21 66.7 1 
20 50.0 0 } 
23 30.5 0 


430 HETHERINGTON, McPHEDRAN, LANDIS AND OPIE 


Evidence that open tuberculosis has occurred among children attending 
the school has been obtained from records of Health Clinic No. 3 main- 
tained a short distance from the school. 


A. H. was removed from School A during the year preceding our survey for 
tuberculosis. This boy, aged 14 years, was examined April 3, 1923. Far 
advanced tuberculosis of the lung was found and the sputum contained tubercle 
bacilli (examination on May 31, 1923). The child was removed from school 
on April 3 and died December 15, 1923. 


During the two years following our survey of the school tuberculosis 
was found in two children as follows. 


L. G., aged 9 years, was examined on November 13, 1926, and found to have far 
advanced pulmonary tuberculosis. She had had disease of the hip-joint since 
July, 1924. On December 2, 1926, tubercle bacilli were found in the sputum. 
She attended the school until December 1, 1926. Death occurred on February 


2, 1927. 

W. W. was examined at Health Clinic No. 3 on March 1, 1927, and far-ad- 
vanced tuberculosis was found. He was withdrawn from School A on this 
date much against his wish and died nine days later (March 9, 1927). 


These three children attended school with far advanced tuberculosis 
and were undoubtedly potential sources of infection. As soon as the 
disease was recognized they were removed from the school. 

Pulmonary tuberculosis was recognized in five children (plate I, A-1 to 
A-5) varying in age from 8 to 13 years. In one child (A-3) there had been 
some loss of weight and symptoms for which the child had been under 
treatment. In three instances there had been no symptoms suggesting 
the disease, there was no noteworthy loss of weight, and diagnosis was 
made by X-ray examination and physical signs. In the fifth child (A-5) 
there had been no symptoms suggestive of tuberculosis and there were 
no physical signs of pulmonary disease, but roentgenological examination 
revealed widespread infiltration of the lungs. A few days later physical 
signs were recognized and death occurred after 2 years and 11 months. 

Latent apical tuberculosis with well-defined infiltration at both apices 
was recognized by roentgenological examination in a girl (A-6) 16 years 
of age. She had a large goitre and was 18 per cent below average normal 
weight. 

Latent tuberculous infiltration near the mid-part of the left lung 
occurred in a boy (A-7) 7 years of age. Massive tuberculosis of adjacent 
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lymph nodes and active tuberculin reaction supported the diagnosis of 
pulmonary tuberculosis. After two years the lesion had diminished in 
size but was still recognizable. 

Tuberculosis of tracheobronchial lymph nodes with no evident pul- 
monary infiltration was recognized by the presence of calcified foci 
in contact with trachea or bronchi in 12 instances and associated nodules 
in the lung substance were seen in five. The recognizable masses were 
often very large, being more than 2 cm. across in six instances, and could 
not be regarded as insignificant. Since all of the children with these 
tracheobronchial lesions reacted to 0.01 mgm. of tuberculin it was possible 
that the lesion was still progressive. Only two children were under 
weight (88 per cent and 84 per cent respectively). Reéxamination of 4 
children was made approximately two years after the first and no change 
was noted. 

Diagrams (A-8 to A-14) have been prepared to show the extent and 
distribution of the lesions found by roentgenological examination in 
some of the children in whom tuberculosis of tracheobronchial lymph 
nodes was found. One child was believed to require special oversight to 
prevent further development of tuberculous infection because she reacted 
with great intensity to tuberculin and was notably underweight (84 per 
cent). Severe inflammatory reactions with superficial necrosis followed 
the injection of 0.01 mgm. of tuberculin. Roentgenological examination 
showed changes suggesting chronic pleurisy but no other lesions that 
could be referred to tuberculosis. 

Five children in this school (A-1 to 5) were believed to need sanatorium 
treatment. One child aged 16 years with latent apical tuberculosis re- 
quired preventorium care or continued medical oversight and special 
school regimen. One young child with latent tuberculous infiltration of 
the lung (A-7) and five children with massive tuberculosis of tracheo- 
bronchial lymph nodes (A-8, 9, 12, 13 and 14) should be assigned to open- 
air classes. 


PLATE I 
Pulmonary Tuberculosis 


A-1: Boy, colored, aged 8 years. Weight 94 per cent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: Projecting outward from the left 
border of the heart there was a wide area of striated opacity; another well- 
defined area of soft infiltration, 1.3 x 2 cm., was seen at the level of the 8th rib, 
and an irregularly calcified mass at the level of the 6th left interspace within 
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the shadow of the heart.. Fine crackling rales were heard in a small area above 
the left nipple. Temperature, on two examinations, 100.6° and 102°. 

Diagnosis: Pulmonary tuberculosis and tuberculosis of tracheobronchial 
lymph nodes. 

The child was admitted to the Pennsylvania State Sanatorium and a report 
two years and six months after the first examination stated that he had moder- 
ately advanced, slightly active, pulmonary tuberculosis throughout the greater 
part of the left lung. 


EXPLANATION OF PLATES 


The diagrams show the position and extent of lesions recognized in roentgenologica! films. 
All instances of pulmonary tuberculosis are shown in the diagrams, and symptoms and 
physical signs are noted on them. There are diagrams to show all instances of latent apical 
tuberculosis, of latent infiltration of the lungs of childhood type and of massive caseous 
tuberculosis of tracheobronchial lymph nodes. 

The diagrams show selected instances of tuberculosis of tracheobronchial lymph nodes 
with calcification save in School BC. All instances of tuberculosis of tracheobronchial 
lymph nodes in this school (plates II to V) are depicted by diagrams in order to show the 
size and distribution of a series of unselected lesions. Furthermore in these diagrams the 
tuberculin reaction (Tbn) is indicated by plus signs before a figure (for instance, 0.1) indi- 
cating the quantity of tuberculin injected and the weight (w#.) of each child at the time of 
examination is indicated as the percentage of the normal weight for the age and height of 
the child. 

When not otherwise stated the level of rib or interspace cited in the description of diagram 
is that at the posterior aspect of the thorax. 

Description of the piates with data concerning all of the children whose roentgenological 
films are depicted in the diagrams will be found in the sections describing the schools as 
follows: 

Plate I: School A pages 431-437 
Plates II, III, IV and V: School BC pages 441-456 
Plate VI: School D pages 460-465 
pages 468-474 
pages 476-485 
pages 487-492 


A-2: Girl, colored, aged 9 years. Weight 96 per cent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There was an infiltration at the right 
base in a line that broadened near the pleura. There were fine moist rales over 
both lower lobes in the back. Temperature, on three examinations, 100°, 
99.2°, 99.4°. The child had a loose cough. ‘The right tonsil was very large. 

Diagnosis: Pulmonary tuberculosis. 

She was admitted to the Boudinot Nutrition Tuberculosis School 8 months 
later. On examination two years after the first examination, her weight 
was 97 per cent, tuberculin reaction +-++ to 0.01 mgm., and there was infiltra- 
tion at the right base. There were medium moist rales at the right base in 
front and back. The tonsils were large. 
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A-3; Girl, colored, aged 12 years. Weight 89 percent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: A soft infiltration at the right apex 
extended aslowas the Sthrib. Later rales were heard at the right apex. Tem- 
perature, on two occasions, 98.6° and 98°. The girl had reported to Health 
Clinic No. 3 one month before examination in the school, and complained of 
cough and sputum, which proved positive for tubercle bacilli. 

Diagnosis: Pulmonary tuberculosis. 


A-4; Girl, colored, aged 12 years. Weight 96 per cent. An older sister had 
died with tuberculosis one year before. Tuberculin reaction, ++ to 0.01 
mgm. X-Ray Examination: There was moderately dense infiltration of the 
upper two-thirds of the right lung, and, on the left side, a similar infiltration as 
low as the 4th rib and scanty infiltration to the 6th rib; there was an interlobar 
line on each side. A few moist rales were heard above the right clavicle and 
in the 2nd interspace anteriorly. ‘Temperature, 99.4° and 100°. 

Diagnosis: Pulmonary tuberculosis. 

The patient was transferred after six months to the Girard School nutrition 
tuberculosis class. Ten months after the first examination well-defined tuber- 
culosis was recognized at Health Clinic No. 3; there was loss of weight and rales 
were heard at the right apex. No tubercle bacilli were found in the sputum. 
She was advised to go to the State Sanatorium but her mother refused. She 
was admitted to the Rush Hospital but was removed by her mother after one 
day. She returned after the summer to the nutrition tuberculosis class of the 
Girard School and remained until November, when she became too sick to 
attend school. She died at home one year and eight months after she was first 


seen. 


A-5: Boy, colored, aged 13 years. Weight 95 percent. Tuberculin reaction, 
+++ to0.01mgm. X-Ray Examination: There was moderately dense opac- 
ity indicating infiltration of the upper part of the right lung above the 4th rib 
and less dense opacity to the 6th rib; the upper part of the left lung was also 
the site of moderately dense opacity as low as the 5th rib. There was deficient 
expansion and harsh breathing at the left apex. Temperature 99°. One of 
two guinea pigs inoculated with material from a throat-swab died with tubercu- 


losis. 

Diagnosis: Pulmonary tuberculosis. 

The child remained in the school for 18 months, part of the time in the 
nutrition class, and then left. Two months later he was sent to the State 
Sanatorium at Mt. Alto. He remained in the sanatorium two and a half 
months and was discharged. When seen at the dispensary, one month after 
discharge, he said that he had had cough with sputum for 4 weeks. Weight 
90 per cent. RAales were heard and there was diminished resonance at the 
right apex in front and behind. Tubercle bacilli were found in the sputum one 
month later. He died 2 years and 11 months after his first examination. 
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Latent A pical Tuberculosis 


A-6: Girl, colored, aged 16 years. Weight 82 percent. Tuberculin reaction, 
+-+ to0.01 mgm. X-Ray Examination: There was diffuse infiltration at the 
left apex as low as the 3rd interspace, less advanced infiltration at the right 
apex, and a small wedge-shaped shadow in contact with the chest-wall in the 
axillary line at the level of the 3rd rib with a strand projecting 3 cm. into the 
lung. Nophysicalsigns. Temperature, on two examinations, 98.4° and 98.6°. 
There was a large goitre. 
Diagnosis: Latent apical tuberculosis (bilateral). 

The child left the school and district so that she could not be found later. 


Latent Tuberculous Infiltration of the Lung 


A-7: Boy, colored, aged 7 years. Weight 102 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: A large bilobed granular mass, 
1.5 x 1.8 cm., was seen at the right hilum, and diffuse infiltration behind 
the right 8th rib and interspace, which was probably in part interlobar pleurisy. 
No physical signs. ‘Temperature, on two examinations, 99.6° and 100°. 

Diagnosis: Latent tuberculous infiltration of the lung and latent tuberculo- 
sis of tracheobronchial lymph nodes. 

This child was reéxamined two years later. The granular mass described 
above appeared as before; the shadow indicating infiltration was still present 
but less conspicuous. No physical signs. Weight 97 per cent. 


Tuberculosis of Tracheobronchial Lymph Nodes 


A-8: Girl, colored, aged 7 years. Weight 93 per cent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: An irregular nodule, 0.7 x 0.4 cm., 
was seen in the right lung-field at the level of the 7th rib, and a granular mass, 
1.1 x 0.9 cm., in the right 7th interspace; in the oblique position a large mass, 
2.6 x 1 cm., was found to the right of the trachea. No physical signs. 
Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with 
peripheral calcified nodule. 
Two years later the parents of the child refused to permit examination. 


A-9: Girl, colored, aged 8 years. Weight 103 percent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: Two masses were seen near the right 
hilum at the level of the 7th interspace; the oblique film showed that there 
was also a large mass, 2.1 x 1.3 cm., at the carina, and that one of the two 
smaller masses was situated in the lung close to the anterior chest-wall. No 
physical signs. ‘Temperature, on two occasions, 98.4° and 100°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with pe- 
ripheral calcified nodule. 
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The child was admitted to the Girard School nutrition tuberculosis class in 
January, 1926, and was examined fifteen months later. Weight 108 per cent. 
Tuberculin reaction, ++ to 0.01 mgm. X-ray examination showed the 
lesions previously noted and a soft wedge-shaped shadow projecting from below 
the 2nd rib. On reéxamination, the earlier films were found to suggest the 
presence of this infiltration. 


A-10: Boy, colored, aged 9 years. Weight 97 percent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: A small nodule was found in the left 
lung-field at the 4th interspace and a mass, 1x 0.4cm., at the left hilum behind 
the 7th rib. No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with periph- 
eral calcified nodule. 

On examination two and a half years later the weight was 100 per cent, 
tuberculin reaction, + to 0.01 mgm., and there was no change ‘in the lesions 
described above. 


A-11: Girl, colored, aged 10 years. Weight 100 per cent. Tuberculin reac- 
tion, ++ to0.01mgm. X-Ray Examination: In the left lung-field at the 5th 
and 6th ribs there were two nodules, and at the left hilum at the level of the 


7th rib, two masses, 0.6 x 0.6 cm. and 0.6 x 1.5 cm. No physical signs. 
Temperature 99°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and periph- 
eral calcified nodules. 

On examination two years later the weight was 98 per cent, tuberculin reac- 
tion, ++ to 0.01 mgm., and the lesions previously seen were unchanged. 
During the last fifteen months the child has been in the Girard School open-air 
tuberculosis class. 


A-12: Girl, colored, aged 10 years. Weight 88 percent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: There was a small nodule at the 4th 
interspace and a very large mass at the right hilum, 2.7 x 1.7 cm., the central 
part irregularly calcified and surrounded by a soft homogeneous zone with a 
sharply defined margin; there were two conspicuous parallel interlobar lines 
continuous with this mass; there was a second mass, 1.5 x 0.6 cm., to the right 
of the trachea above the right bronchus. No physical signs. Temperature, 
98.8° and 99°. The tonsils were large. 

Diagnosis: Massive latent tuberculosis of tracheobronchial lymph nodes 
with calcified peripheral nodule. 


A-13: Boy, colored, aged 10 years. Weight 95 percent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There was a large, partly calcified mass, 
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2.5 x 1cm., at the left hilum at the level of the 5th interspace, and another, 
1.8 x 2 cm., at the 6th rib and interspace; there was an interlobar line at the 
level of the right 6th rib. No physical signs. 

Diagnosis: Massive latent tuberculosis of tracheobronchial lymph nodes. 


A-14: Boy, colored, aged 13 years. 


Weight 93 per cent. 


Tuberculin reaction, 


+++ to0.01mgm. X-Ray Examination: There was a large, sharply defined 


mass, 2 x 1.3 cm., to the right of the trachea at the 4th and Sth ribs. 


cal signs. 


TABLE 4 


No physi- 


Tuberculin tests made upon children of School BC 


BOYS 


GIRLS 


TOTAL 


Number 
tested 


Number 
positive 


Number 
tested 


Per cent 
positive 


Number 


positive 


Per cent 
positive 


Number 
Positive 


Per cent 
positive 


Number 
tested 


White 


4 
5to 9 
10 to 14 
15 to 17 


4 
181 
231 

9 


425 


Colored 


10 to 14 
15 to 17 


d colored 


children 


10 to 14 
15 to 17 


4 
183 
196 

19 


1 
89 
146 
18 


4 
189 
260 

11 


2 
107 
194 

8 


56.6 
74.6 
42.4 


Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 
Reéxamination two years later showed no change in the tracheobronchial 


lesion. 
per cent. 


SCHOOLS B AND C 


School B has pupils most of whom are white. 
the first to the sixth grade and had at the time of the survey 915 pupils. 


Moist rales were heard at the base of the right lung. Weight 100 


It carries children from 
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Children who have completed the work of this school pass to School C, 
which carries them from the 7th to the 8th grade. This school had, when 
surveyed, 576 pupils. The two schools together are comparable to 
schools like School A and School D, which carry pupils from the ist to the 
8th grade. Band C are housed in old but commodious buildings, in which 
there is no crowding or other adverse condition. 

In table 4 are the results of tuberculin tests made upon children whose 
parents gave consent. 

Children who reacted to 0.01 mgm. of tuberculin were selected for X- 
ray examination of the chest. Later all other children in School C were 
examined by thismethod. The results appear in table 5. 


TABLE 5 
Results of X-ray examinations by age in School BC 


WITH WITH 
WITH WITH TUBERCULOSIS | WITH LATENT CLINICALLY 
PULMONARY PULMONARY OF TRACHEO- APICAL MANIFEST 
NODULE INFILTRATION BRONCHIAL | TUBERCULOSIS TUBERCULOSIS 
LYMPH NODES 


11 (1) 


4 
Sto 9 11 


2 
10 to 14 46 3 28 (4) 


15:to 17 3 1 


60 5* 40 


* Three of these children had pulmonary infiltration with tuberculosis of tracheobronchial 


lymph nodes (indicated also by figure in brackets). 
t Two of these children had latent apical tuberculosis with tuberculosis of tracheobronchial 


lymph nodes (indicated also by figure in brackets). 


Since high incidence of tuberculous infection in certain classes might 
suggest that these children had been exposed to the disease in the school, 
the number of children in each class who reacted to tuberculin and exhib- 
ited X-ray evidence of tuberculosis is shown in table 6, classes in which 
less than 20 children were tested being omitted. 

Table 6 contains no class in which an unusually high incidence of 
reactions to tuberculin is associated with unusual incidence and severity 
of latent lesions revealed by X-ray examination. It is noteworthy that 
all children of School C were given roentgenological examination. The 
survey furnishes no evidence that infection has arisen within the school. 

No manifest pulmonary tuberculosis was found in this school. 

Latent apical tuberculosis was recognized by roentgenological examina- 
tion in 4 children (plate II, BC-1 to BC-4) varying in age from 11 to 14 
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School C by classes 


53.1 31 
70.6 27 
70.9 30 
80.6 29 
92.3 21 
81.8 21 
86.3 21 
87.1 25 
70.8 23 
73.9 24 
83.3 29 
73.5 23 


315 26 


years. Evidence of preceding tuberculous infection represented by calci- 
fied lesions of tracheobronchial lymph nodes was found in 2 of them. 
One child was 12 per cent underweight but the others had had_.no note- 
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Scholl by classes 
Kgn.| 177 35.6 
6 40 25 28.0 1 
2 40 20 60.0 
8 43 21 47.6 1 1 
7 45 27 62.9 1 2 
11 40 17 47.1 
12 41 34 55.9 3 1 
10 37 25 60.0 1 1 
13 40 25 48.0 1 
18 42 30 66.7 1 1 
19 438 35 2 
16 41 30 80.0 2 1 1 
17 46 a5 77.1 1 
20 45 21 61.9 2 
14 44 32 68.7 1 
9 21 12 | 75.0 1 
15 45 22 54.5 | 1 1 
3 14 
1 45 32 11.3 5 1 0 1 
11 46 34 11.4 5 
12 46 31 11.7 2 5 1 
8 46 31 11.9 1 1 
9 41 26 12.2 5 
10 39 22 12.4 5 2 
15 45 22 12.5 4 
19 40 31 12.6 2 1 1 
18 39 24 12.8 a 7 1 * 
16 40 23 13.0 4 
17 41 30 13.5 7 3 
20 45 34 13.8 5 3 
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worthy loss of weight. Examination made one year later revealed no 
change in the lesions of two children. The other two children had been 
transferred to high school and were not available for examination. 

Latent tuberculous infiltration of the lung occurred in 5 children 
(BC-5 to BC-9) varying in age from 7 to 12 years. In three instances 
the lesion was accompanied by recognizable tuberculosis of adjacent 
lymph nodes, and in the two others tuberculosis of tracheobronchial 
lymph nodes was evident in X-ray films made from a year to a year and a 
half later. The weight of one child was 10 per cent less than normal but 
the others were normal or moderately overweight. The tuberculin 
reactions varied from + to +++ to 0.01 mgm. of tuberculin. In 
one child rales were heard over the site of infiltration when an examina- 
tion was made one and a half years after the first. In a second child 
rales heard at the left apex were not clearly referable to the tuberculous 
lesion. 

Latent tuberculosis of tracheobronchial lymph nodes unaccompanied 
by evident infiltration of the lung was recognized by roentgenological 
examination in 40 children (BC-10 to BC-39). Each of these cases is 
described briefly and the lesion is depicted in a diagram in order to show 
the varying distribution and extent of these lesions in a series of un- 
selected children. 

In approximately half of the children with tuberculosis of tracheo- 
bronchial lymph nodes a calcified nodule was definable in the lung sub- 
stance. Observations made at autopsy indicate that tuberculous foci 
in the lung substance are constantly associated with these lesions of the 
lymph nodes. ‘Their small size or position behind opaque organs doubt- 
less explains their absence in many X-ray films. 

Tuberculosis of tracheobronchial lymph nodes in two children (BC-10 
and BC-11) aged 10 years was suggested by great oval shadows, well 
defined upon the X-ray film, and situated at the hilum of the lung. In 
the first instance the mass, which had apparently undergone no calcifica- 
tion, was so large that a neoplasm was suspected. The tuberculin reac- 
tion, which was at first + to 0.01 mgm. of tuberculin, was later +++ to 
the same quantity. One year and three months after the first examina- 
tion calcification was evident and infiltration within the lung substance 
had made its appearance. The second instance was a Chinese girl 
whose reaction to tuberculin was at first negative to 0.1 mgm. and one 
year later +++ to 0.01 mgm. The opinion that these masses were 
caseous tuberculous lymph nodes was apparently correct. 
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Lesions in process of calcification are not necessarily healed. In 4 of 8 
children with calcified tracheobronchial lymph nodes first seen between 
the ages of 6 and 10 years reéxamination after one year showed that the 
intensity of the tuberculin reaction had increased and between the ages of 
8 and 9 years the number with intense tuberculin reactions (+++ to 
0.01 mgm. of tuberculin) was higher than at other periods. Children 
with massive tuberculosis of tracheobronchial lymph nodes were in two 
instances (BC-26 and BC-31) entirely insensitive to tuberculin (1 mgm.). 
It is probable that the lesion had entirely healed, the calcified mass re- 
maining as a scar of the former infection. 

In more than one-fourth of the instances of tuberculosis of tracheobron- 
chial lymph nodes the lesion was very large, being more than 2 cm. across, 
and was doubtless at some time a source of danger to the child. 

All of the children with latent apical or other infiltration of the lung 
(BC-1 to 9) are suitable for admission to open-air classes or to preventoria. 
Several of these children (BC-2, 3 and 4) have pulmonary lesions that are 
partly calcified or probably arrested and if examined at intervals of one 
year would require no special treatment. ‘The two children with massive 
caseous enlargement of tracheobronchial lymph nodes (BC-10 and 11) 
should receive care in open-air school, preventorium or preferably in a 
sanatorium because miliary tuberculosis has occasionally followed the 
recognition of these lesions in children of families exposed to open tuber- 
culosis. Two children (BC-25 and 49) with partly calcified lesions of 
tracheobronchial lymph nodes and under weight greater than 15 per cent 
required care in open-air nutrition classes. Several children (e. g., BC-15, 
17, 21, 26, 31, 33, 42, 43, 47 and 48) with massive partly calcified tuber- 
culous lesions of tracheobronchial lymph nodes should be reéxamined at 
intervals of one year to determine whether infiltration of the lung makes 
its appearance. One child with massive tuberculosis and negative tuber- 
culin reaction (BC-31) has doubtless completely recovered from tuber- 
culous infection and requires no special oversight. 


PLATE II 


Latent Apical Tuberculosis 


BC-1: Girl, Russian, aged 11 years. Weight 103 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: Strands were seen in the 
left lung between the hilum, where they were densest, and the 2nd interspace, 
where they were probably in contact with the pleura. No physical signs. 
Temperature 98.6°. 
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Diagnosis: Latent apical tuberculosis. 

Repetition of the examination eighteen months later showed the tuberculin 
reaction +-+ to 0.01 mgm. and the weight 102 per cent. X-ray examination 
revealed no definite change. Physical examination was negative. 


BC-2: Boy, Jewish, aged 13 years. Weight 106 percent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A peripheral nodule was seen 
at the right 10th interspace and two large granular masses, 2.5 x 2 cm. and 1.5 
x 0.9 cm., at the right hilum; there was a sharply defined spot, 0.5 cm. in 
diameter, in the right 3rd interspace with a flocculent shadow in the apex 
above; in the oblique film a very large mass, 2.3 x 1.3 cm., was seen below the 
bifurcation of the trachea. No physical signs. Temperature 99.4°. 
Diagnosis: Latent apical tuberculosis and tuberculosis of tracheobronchial 


lymph nodes. 


BC-3: Girl, Irish, aged 13 years. Weight 88 per cent. Tuberculin reaction, 
++ to0.01mgm. X-Ray Examination: There was a peripheral nodule, 1.4 x 
0.8 cm., behind the right 7th rib and a granular mass, 1.4 x 1 cm., at the right 
hilum; there was thickening of the pleura at the right apex with salients pro- 
jecting into the lung substance. No physical signs. Temperature 98.6°. 

Diagnosis: Latent apical tuberculosis and tuberculosis of tracheobronchial 
lymph nodes. 

This girl was reéxamined sixteen months later. Her weight was 92 per cent 
and the tuberculin reaction was unchanged. X-ray examination showed 
the lesions as before. 


BC-4: Boy, Italian, aged 14 years. Weight 98 percent. Tuberculin reaction, 
++ to 0.1 mgm. X-Ray Examination: There was a poorly defined shadow 
at the 2nd interspace parallel with the lower margin of the rib; faint salients 
extended downward. No physical signs. Temperature 99°. 

Diagnosis: Latent apical tuberculosis. 

Note: Since the appearance described above was repeatedly observed it was 
assumed that it was produced by a lesion within the lung and the child was 
regarded as suitable for the tuberculosis nutrition class, 


Latent Tuberculous Infiltration of the Lungs 


BC-5: Girl, Jewish, aged 7 years. Weight 99 percent. Tuberculin reaction, 
+ to0.01mgm. X-Ray Examination: There was a granular mass in the right 
7th interspace and another to the right of the trachea close to the right bron- 
chus; also linear infiltration at the level of the right 6th and 7th interspaces. 
No physical signs. Temperature 99.8°. 
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Diagnosis: Latent tuberculous pulmonary infiltration and tuberculosis of 
tracheobronchial lymph nodes. 

The child was reéxamined one year later. Weight 105 per cent. Tubercu- 
lin reaction, +-+ to 0.01 mgm. X-ray examination showed the mass at the 
right hilum and the infiltration as before. Physical examination was negative. 
Temperature 99.4°. At another examination six months later the tuberculin 
reaction was +-+ to 0.01 mgm., weight 107 per cent, and temperature 99°. 
Medium moist rales with a consonating character were heard in the right ist, 
2nd and 3rd interspaces anteriorly. 


BC-6: Boy, Mexican, aged 9 years. Weight 109 per cent. Tuberculin reac- 
tion, +++ to 0.01 mgm. X-Ray Examination: There was a group of soft 
nodules at the left 4th and 5th interspaces, the group measuring 1.8 x 2.5 cm.; 
the nature of an ill-defined shadow suggesting a calcified mass at the left 
hilum at the 7th rib and interspace was uncertain. No physical signs. Tem- 
perature 99.4°, 

Diagnosis: Latent tuberculous infiltration of the lung. 

On reéxamination, one year later, the weight was 113 per cent and the 
tuberculin reaction +++ to 0.01 mgm. X-ray examination confirmed the 
presence of a tracheobronchial mass and the nodules appeared as before. On 
examination six months later the tuberculin reaction was still +-++-+ to 0.01 
mgm.; the weight 111 per cent, and the pulmonary and tracheobronchial lesions 
were unchanged. Moist rales were heard at the extreme left apex and right 
base, disappearing after cough. The temperature was 99.2°. 


BC-7: Boy, Jewish, aged 10 years. Weight 116 per cent. Tuberculin 
reaction, ++ to0.01mgm. X-Ray Examination: At the left apex there was a 
nodule, 0.6 x 0.4 cm., and nearby a group of small round nodules in an area 
measuring 1.2 X 0.9cm. Nophysicalsigns. Temperature 99.4°. 

Diagnosis: Latent infiltration consisting of tuberculous nodules at the left 
apex. 

Eight months later the weight was 108 per cent; tuberculin reaction, +-++ 
to 0.01 mgm.; X-ray examination showed in addition to the lesions described a 
group of nodules at the right hilum indicating lesions of tracheobronchial lymph 
nodes. Six months later, an additional group of nodules was seen at the left 
base and an oblique film showed a large mass near the left bronchus. No physi- 
cal signs. Weight 116 per cent and temperature 99.2°. Five months later 
granular breath-sounds were heard at the right apex. It is possible that the 
sequence of lesions described above does not correspond with their develop- 
ment. 
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BC-8: Girl, Jewish, aged 11 years. Weight 90 percent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: There was an irregular calcified mass, 
2x1 cm., behind the left 8th rib and another, 1.1 x0.9 cm., behind the left 
9th rib; there were diffuse markings at the 8th rib, 8th interspace and 9th rib 
on the left side; behind the left 7th rib there was a small calcified mass, 7 x 
2 mm.; there was an interlobar line on the right side. No physical signs. 

Diagnosis: Latent tuberculous infiltration with calcified nodules and tuber- 
culosis of tracheobronchial lymph nodes. 

This girl was reéxamined eighteen months later. Her weight was 96 per 
cent and tuberculin reaction +-+ to 0.01 mgm. X-ray examination showed 
the same lesions as before. Temperature 97.4°. 


BC-9: Boy, Jewish, aged 12 years. Weight 101 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A soft shadow, 2 x 1.3 cm., 
was seen at the right 8th interspace midway between the border of the heart 
and the axillary line, and nearby a smaller area of opacity, both indicating 
infiltration of the lung; there was also a granular mass, 2.2 x 1.9 cm., at the 
8th interspace at the right hilum. No physical signs. Temperature 99°. 
Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 
adjacent tracheobronchial lymph nodes, 


Latent Tuberculosis of Tracheobronchial Lymph Nodes with No Calcification 


BC-10: Girl, colored, aged 10 years. Weight 96 per cent. Tuberculin 
reaction, + to 0.01 mgm. X-Ray Examination: The shadows of three large 
oval uncalcified lymph nodes were seen at the right hilum, one at the 7th rib, 
7th interspace and 8th rib; another, more lateral, at the 8th and 9th inter- 
spaces; and the third at the 6th rib and 6th interspace close to the mediastinum. 
On physical examination the right breast was found to be less developed than 
the left but no other physical signs were found. Temperature 97°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with massive 
caseation. 

Upon reéxamination nine months later the oval masses were still seen but 
were smaller and not so sharply defined; there was a soft shadow, 1.8x1.8cm., 5 
near the right apex behind the 4th rib. Tuberculin reaction was ++-+ to0.01 
mgm. and weight 95 per cent. Physical examination was negative. Six 
months later, X-ray examination showed the two large masses at the right 
hilum with a granular appearance suggesting beginning calcification; the mass 
at the right of the trachea had a definite granular appearance; in addition to the 
three masses previously seen a large granular mass was found at the carina; 
the shadow at the right apex now had a granular appearance suggesting calci- 
fication. The lungs were apparently normal on physical examination. 
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BC-11: Girl, Chinese, aged 10 years. Weight 90 per cent. Tuberculin 
reaction negative. X-Ray Examination: A dense oval shadow, 3.5 x 1.5 cm., 
projected from the mediastinum into the right lung-field between the 4th and 
6th ribs; there was apparently no calcification. No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes, with mas- 
sive caseation. 

On examination one year later, the tuberculin reaction was ++-+ to 0.01 
mgm. The tracheobronchial mass appeared as before. There were no physi- 
cal signs. 


PLATE III 
Latent Tuberculosis of Tracheobronchial Lymph Nodes with Calcification 


BC-12: Boy, Polish, aged 8 years. Weight 106 percent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: A granular mass, 1.2 x 0.8 cm., was 
seen behind the 7th rib at the right hilum. No physical signs. ‘Temperature 
98°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 

The child was placed in the Wharton nutrition tuberculosis class. Exami- 
nation one year later revealed no change in the tracheobronchial calcification. 
The weight was 101 per cent and the tuberculin reaction ++ to 0.01 mgm. 
The temperature was 99.6°. There was an occasional dry rale at either apex. 
After another six months the tracheobronchial lesion was unchanged. Weight 
107 per cent. Tuberculin reaction, ++ to0.01mgm. Temperature 99.2°. 


BC-13: Girl, Jewish, age 8 years. Weight 95 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: In the left lung-field there 
was a large mass, 1.6 x 1.1 cm., and a small nodule, 0.4 x 0.5 cm.; at the 
left hilum there was a mass 1.1 x 0.6 cm.; two interlobar lines were seen 
on the right side. No physical signs. Temperature 99°. 

Diagnosis: Latent tuberculosis of tracheobronchial lvmph nodes with 
peripheral calcified nodules. 


BC-14: Girl, Austrian, aged 8 years. Weight 100 per cent. Tuberculin 
reaction, ++ to0.01mgm. X-Ray Examination: Two large masses were seen 
in the left 7th interspace, one 1.5 x 1.2 cm., and the other 1.3 x 0.8 cm., and 
another mass, 1.8 x 0.6 cm., within the aortic shadow at the 6th interspace. 
No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


BC-15: Boy, German, aged 6 years. Weight 100 per cent. Tuberculin 
reaction, ++ to0.01 mgm. X-Ray Examination: There was a large granular 
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mass, 2.1 x 1.2 cm., to the right of the trachea above the right bronchus. No 
physical signs. Temperature 99°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 

The boy was reéxamined one year later. Weight 100 per cent. Tubercu- 
lin reaction, +++ to 0.01 mgm. X-ray examination showed a granular 
mass at the right hilum and the mass previously seen at the right of the trachea. 

Six months after this examination the weight was 100 per cent, tuberculin 
reaction ++-+ to.0.01 mgm. and the X-ray showed the two masses as before. 
There were inconstant rhonchi at the right apex. 


BC-16: Girl, Polish, aged 7 years. Weight 100 per cent. Tuberculin reac- 
tion, ++ to0.01 mgm. X-Ray Examination: There was a peripheral nodule 
at the 9th right interspace and another just below it; there was tracheo- 
bronchial calcification at the 7th right interspace, 7 x 8mm. No physical 
signs. Temperature 99.6°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with 
peripheral calcified nodules. 

On reéxamination eighteen months later, the tuberculin reaction was +--+ 
to 0.01 mgm., weight 96 per cent and temperature 99.4° at 3 pm. X-ray 
films showed the nodules and mass at the right hilum as before. 


BC-17: Girl, Russian, aged 8 years. Weight 92 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A peripheral nodule was seen 
at the 9th right interspace and an oval mass, 2.2 x 0.8 cm., to the right of the 
trachea above the right bronchus. No physical signs. Temperature 99.2°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and calci- 
fied nodule of the lung. 

The girl was reéxamined one year later. Weight 94 per cent. Tuberculin 
reaction, ++-+ to 0.01 mgm. X-ray examination showed the mass to the 
right of the trachea as before. Six months later her weight was 89 per cent; 
otherwise the results of the examination were as before. 


BC-18: Girl, Ukrainian, aged 8 years. Weight 94 per cent. Tuberculin 
reaction, ++ to 0.1 mgm. X-Ray Examination: Behind the right 8th rib 
and interspace there was a mass, 1 x 1.1 cm., and there were two nodules at 
the right 8th interspace. No physical signs. Temperature 99.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with peri- 
pheral calcified nodules. 

On reéxamination eighteen months later the weight was 93 per cent, tuber- 
culin reaction + to 0.01 mgm., and X-ray examination showed the calcified 
mass as before; the temperature was 100.2°. 
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BC-19: Girl, Spanish, aged 8 years. Weight 114 percent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: There was a small mass at 
the left 6th interspace, obscured by the aortic shadow. No physical signs. 
Temperature 99.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 
The parents of this child refused reéxamination two years later. 


BC-20: Girl, Russian, aged 8 years. Weight 94 per cent. Tuberculin 
reaction, + to0.1 mgm. X-Ray Examination: A mass, 1.5 x 1.3 cm., was 
seen within the heart shadow at the 9th left rib. No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 

On reéxamination twenty-two months later, the tuberculin reaction was 
+ to 0.01 mgm.; the mass appeared in the X-ray film as before; temperature, 
100.1°; weight, 110 per cent. No physical signs. 


BC-21: Boy, Jewish, aged 9 years. Weight 98 per cent. Tuberculin reac- 
tion, + to 0.01 mgm. X-Ray Examination: A group of peripheral nodules 
was seen behind the right 8th rib; there were two granular masses, 0.6 x 0.9 cm. 
and 1.8 x 0.9 cm., at the right hilum at the 7th and 8th interspaces, and at the 
bifurcation of the trachea another mass, 2.9x1.5cm. No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with 
peripheral nodules. 

On reéxamination one year later, the tuberculin reaction was still + to 0.01 
mgm.; weight 112 per cent; and the X-ray appearances were unchanged. 
Examination again after six months showed no change in weight, in tuberculin 
reaction, in physical or in X-ray examination. 


BC-22: Boy, Spanish, aged 9 years. Weight 113 per cent. Tuberculin 
reaction, ++ to0.01mgm. X-Ray Examination: In the right lung-field there 
was a nodular lesion, 0.9 x 0.7 cm., with a surrounding halo; at the right 
hilum there was a granular mass, 1.3x1.2cm. Nophysical signs. Tempera- 
ture 98.3°. 
Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and partly ‘ 
calcified peripheral nodule. 


BC-23: Girl, Jewish, aged 10 years. Weight 110 per cent. Tuberculin 
reaction, ++ to0.01 mgm. X-Ray Examination: There were three granular 
masses at the right hilum, 1.1 x 0.6 cm., 0.8 x 0.5 cm., and 1x 1.5 cm. No 
physical signs. Temperature 99.2°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 
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BC-24: Girl, French, aged 10 years. Weight 90 per cent. Tuberculin reac- 
tion, ++ to0.01 mgm. X-Ray Examination: A mass, 1.3 x 1 cm., was ob- 
served overlying the trachea within the mediastinal shadow at the level of the 
5th rib. No physical signs. Temperature 99.6°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 

This girl was reéxamined sixteen months later. Her weight was 87 per 
cent and tuberculin reaction ++-+ to 0.01 mgm. X-ray and physical exam- 
ination showed no change. 


BC-25: Girl, Jewish, aged 10 years. Weight 81 per cent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: There were two nodules in the right 
lung-field behind the 8th and 10th ribs, and a granular mass, 1 x 0.7 cm., at 
the root of the right lung. Nophysicalsigns. Temperature, on two occasions, 
100.2° and 100.6°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with 
peripheral nodules. 

This child was reéxamined eighteen months later. The weight was 79 per 
cent and the tuberculin reaction unchanged. X-ray examination of the chest 
showed the lesions unchanged. On physical examination definitely restricted 
movement was found on the left side of the chest. The face looked pale and 
slightly puffy. The temperature was 99.8°. 


BC-26: Boy, Jewish, aged 11 years. Weight 95 per cent. Tuberculin reac- 
tion negative. X-Ray Examination: A granular mass, 1.1 x 0.8 cm., was 
found at the right hilum and a very large mass, 2.3 x 0.9 cm., was seen close 
to the trachea on the right. Temperature 99.2°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes, probably 
healed. 


PLATE IV 


Latent Tuberculosis of Tracheobronchial Lymph Nodes With 
Calcification (cont.) 


BC-27: Boy, Jewish, aged 11 years. Weight 92 per cent. Tuberculin reac- 
tion, + to0.01 mgm. X-Ray Examination: A large granular mass, 1.4 x 1.1 
cm., was seen in the oblique film at the bifurcation of the trachea. No physi- 
cal signs. Temperature 99.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


BC-28: Girl, Russian, aged 11 years. Weight 90 per cent. Tuberculin 
reaction, + to 0.01 mgm. X-Ray Examination: There was a nodule in the 
right lung-field and a granular mass, 0.9 x 0.5 cm., at the 8th interspace at the 
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root of the right lung. Fine crackling rales were heard over the right upper 
lobe anteriorly. Temperature 99.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with peri- 
pheral calcified nodule. 

On reéxamination eighteen months later, the weight was 100 per cent and 
the tuberculin reaction +-+ to 0.01 mgm. X-ray examination showed the 
lesions unchanged and physical examination was negative. 


BC-29: Boy, Jewish, aged 11 years. Weight 95 per cent. Tuberculin reac- 
tion, +++ to0.01 mgm. X-Ray Examination: Three small granular masses 
were seen in the right lung-field near the hilum, a large granular mass, 1.2 x 
0.8 cm., at the right of the trachea behind the 6th rib, and a smaller granular 
mass at the hilum at the 8th interspace. No physical signs. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with peri- 
pheral calcified nodules. 


BC-30: Girl, Greek, aged 12 years. Weight 137 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: There were two peripheral 
nodules in the left lung-field and a mass, 1.7 x 0.7 cm., within the heart shadow 
at the level of the 6th interspace. No physical signs. Temperature 99.6°. 


Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 

This girl was reéxamined sixteen months later. Weight 123 per cent. 
Tuberculin reaction, + to 0.01 mgm. X-ray and physical examination were 
unchanged. 


BC-31: Boy, Jewish, aged 12 years. Weight 108 per cent. Tuberculin 
reaction negative. X-Ray Examination: A nodule was found in the left lung 
within the left border of the heart shadow at the diaphragm A and a large 
granular mass, 2.4 x 1.1 cm., at the right hilum. Temperature 100.2°. 

Diagnosis: Latent, probably healed, tuberculosis of tracheobronchial 
lymph nodes with peripheral calcified nodule. 


BC-32: Boy, Jewish, aged 12 years. Weight 103 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: A very large oval mass, 
1.9 X 1.5 cm., was seen at the right hilum at the level of the 6th rib. No physi- 
cal signs. Temperature 98.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


BC-33: Boy, Spanish, aged 12 years. Weight 105 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: A nodule was seen in the 
right lung-field, a granular mass, 9 x 5 mm., at the right hilum, and, in the 
oblique film, a large mass, 2.7 x 1.2 cm., at the bifurcation of the trachea. No 
physical signs. Temperature 98.6°. 
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Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and peti- 
pheral calcified nodule. 


BC-34: Boy, American, aged 12 years. Weight 91 per cent. Tuberculin 
reaction, ++.to0.01 mgm. X-Ray Examination: There was agranular mass, 
7x 7mm., behind the right 7th rib, a small granular mass at the carina close 
to the right bronchus and an interlobar line on the right side. No physical 
signs. Temperature 99.2°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 


BC-35: Boy, Jewish, aged 12 years. Weight 107 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A peripheral mass was seen 
at the 10th left rib and diaphragm and, in the oblique film, a smaller mass, 6 x 
5 mm., below the bifurcation of the trachea. No physical signs. Tempera- 
ture 99.8°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
peripheral calcified nodule. 


BC-36: Girl, colored, aged 12 years. Weight 106 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: There was a peripheral 
nodule at the 8th right interspace and a small granular mass at the left 5th 
interspace obscured by the mediastinal shadow; at the left 7th rib and inter- 
space there was a number of soft nodules. No physical signs. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes with 
peripheral calcified nodules. 

Upon reéxamination eighteen months later, the soft nodules in the 7th inter- 
space had become granular in appearance, and in the oblique film there was an 
additional large mass close to the right bronchus. Weight 110 per cent. 
Tuberculin reaction, +-+ to 0.01 mgm. 


BC-37: Boy, Jewish, aged 13 years. Weight 96 per cent. Tuberculin 
reaction, + to 0.01 mgm. X-Ray Examination: There was a nodule at the 
right 9th interspace close to the heart and a small mass, 0.6 x 0.3 cm., at the 
right hilum; in the oblique film there was a mass, 1.3 x 1 cm., close to the 
right bronchus. Nophysical signs. Temperature 99°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and peri- 
pheral calcified nodule. 


BC-38: Boy, Jewish, aged 13 years. Weight 109 per cent. Tuberculin reac- 

tion, ++ to0.1 mgm. X-Ray Examination: A nodule was found behind the 

right 8th rib, a small mass at the right hilum, and a larger mass, 1.4 x 1.2 cm., 

was seen in an oblique film at the interbronchial angle. Temperature 100.2°. 
‘Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 
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BC-39: Girl, Jewish, aged 13 years. Weight 108 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A nodule was seen at the left 
7th interspace and a mass, 0.8 x 0.5 cm., at the left 7th interspace at the border 
of the heart. No physical signs. Temperature 99.4°. There was enlarge- 
ment of the thyroid gland. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
peripheral calcified nodule. 


BC-40: Boy, Jewish, aged 13 years. Weight 95 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A small nodule was found in 
the right lung-field and a granular mass at the right hilum. No physical signs. 
Temperature 99.8°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymnh 
pheral calcified nodule. 


BC-41: Girl, Jewish, aged 13 years. Weight 94 p rculin 

reaction, ++ to 0.01 mgm. X-Ray Examination: A s -dauular mass, 7 

mtu. in diameter, was seen at the right 6th interspace anc another, 8 x 11 mm., 

close to the trachea on the right side. No physical signs. Temperature 99.4°. 
Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


PLATE V 


BC-42: Girl, Jewish, aged 13 years. Weight 97 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: There were two nodules, one 
behind the 6th left rib and the other at the 7th right interspace; also two 
granular masses, one, 2 x 0.8 cm., at the left 6th rib and margin of the heart 
and the other, 1.6 x 0.3 cm., at the left 6th interspace within the shadow of the 
heart. No physical signs. Temperature 99.2°. 

Diagnosis: Latent tuberculosis of tracheobronchial | ‘mph nodes and peri- 
pheral nodules. 


BC-43: Girl, colored, aged 13 years. Weight 97 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A granular mass, 0.9 x 0.9 
cm., was seen behind the right 7th rib close to the heart and, in the oblique 
film, another large mass, 3 x 1.5 cm., in contact with the right bronchus below 
the bifurcation of the trachea. No physical signs. Temperature 99.2°. A 
large goitre was found. 

Diagnosis: Latent tuberculosis of trachebror ‘1ial lymph nodes. 


BC-44: Girl, Jewish, aged 13 years. Weight 92 per cent. Tuberculin re- 
action, ++ to 0.01 mgm. X-Ray Examination: Four peripheral nodules 
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appeared at the base of the left lung, a mass, 1.6 x 1.4 cm., at the 7th left 
interspace within the shadow of the heart, and a smaller granular mass nearby. 
No physical signs. Temperature 99.4°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes with 
peripheral nodules. 


BC-45: Girl, Ukrainian, aged 13 years. Weight 95 per cent. Tuberculin 
reaction, ++ to0.01mgm. X-Ray Examination: A group of granular nodules 
was seen in an area 2.6 x 0.8 cm. at the right hilum behind the 8th rib, and a 
peripheral nodule behind the right 7th rib. No physical signs. Temperature 
99.6°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes with 
peripheral nodules. 

This girl was reéxamined sixteen months later. Her weight was 100 per 
cent; tuberculin reaction, +-+ to 0.01 mgm., and physical examination nega- 
tive. 


BC-46: Girl, Jewish, aged 14 years. Weight 98 per cent. Tuberculin 
reaction, ++ to0.01 mgm. X-Ray Examination: There was a granular mass, 
* 1.1 x 0.5 cm., behind the right 7th rib and another, 0.9 X 0.6 cm., close 
to it; there was an ill-defined shadow at the right apex indicating a possible infil- 
tration. Nophysical signs. Temperature 99.4°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


BC-47: Girl, Jewish, aged 14 years. Weight 107 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: The posteroanterior film 
showed an ill-defined granular mass behind the right 6th rib, which in a rotated 
film was sharply defined and measured 2.8 x 1.6 cm. No physical signs. 
Temperature 98.8°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


BC-48: Girl, Jewish, aged 14 years. Weight 106 per cent. Tuberculin reac- 
tion, + to0.01 mgm. X-Ray Examination: A large, sharply defined granular 
mass, 2.2 x 1.4 cm., was seen at the right 7th interspace at the hilum. No 
physical signs. Temperature 99°. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes. 


BC-49: Girl, Jewish, aged 15 years. Weight 77 per cent. Tuberculin 
reaction, ++ to 0.01 mgm. X-Ray Examination: A small granular mass 
appeared at the level of the 6th rib at the left border of the heart. No physical 
signs. Temperature 98.3°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


TUBERCULOUS INFECTION IN SCHOOL CHILDREN 


TABLE 7 
Tuberculin tests made upon children of School D 


BOYS GIRLS TOTAL 


Number | Number | Per cent | Number | Number | Per cent | Number | Number | Per cent 
tested positive | positive | tested | positive | positive | tested positive | positive 


White 


5to 9 : 66 
10 to 14 : 83 
15 to 17 8 


Totals 157 


Colored 


Sto 9 58 
10 to 14 91 
15 to 17 10 


159 


White and colored children 


Ste 9 | 78 39.7| 124 | 57 
10 to 14 se 63.2! 174 | 110 


15 to 17 26 84.6 18 10 


TABLE 8 
Results of X-ray examinations by age in School D 


WITH WITH 
WITH WITH TUBERCULOSIS | WITH LATENT CLINICALLY 
PULMONARY PULMONARY OF TRACHEO- APICAL MANIFEST 
NODULE INFILTRATION BRONCHIAL TUBERCULOSIS TUBERCULOSIS 
LYMPH NODES 


NUMBER 
EXAMINED 


Sto 9 51 7 (3) 3 
10 to 14 182 25 (4) 2 
15 to 17 30 3 (1) 


Total.....| 243 11* 35t 5§ 


*In 6 instances tuberculous infiltration of the lung was accompanied by recognizable 
lesions of tracheobronchial lymph nodes. 

t Tuberculosis of tracheobronchial lymph nodes accompanied by pulmonary infiltration 
or manifest tuberculosis is indicated in brackets and being listed in the corresponding columns 
is not included in the total. 

§ In 2 instances manifest tuberculosis was accompanied by recognizable lesions of tracheo- 
bronchial lymph nodes. 

Note: One child, aged 9, had a calcified lesion of a cervical lymph node. 
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SCHOOL D 


School D, housed in a well-lighted, well-ventilated modern school 
building, had 802 pupils in grades from first to eighth. One-half of these 
children (51.7 per cent) were colored. The parents of 568 children 
(70.8 per cent) consented to the examination. 


TABLE 9 
School D by classes 


TUBERCULIN 

TESTED WITH TUBER- 
CULIN 

TO TUBERCULIN 
NARY NODULES 

NARY INFILTRATIONS 
BRONCHIAL LESIONS 
APICAL LESIONS 
TUBERCULOSIS 


X-RAY 
NUMBER WITH LATENT 


NUMBER TESTED WITH 
AVERAGE AGE OF THOSE 
PERCENTAGE POSITIVE 
NUMBER EXAMINED BY 
NUMBER WITH PULMO- 
NUMBER WITH PULMO- 
NUMBER WITH TRACHEO- 
NUMBER WITH MANIFEST 


CLASS ROOM 
NUMBER IN CLASS 
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7 4 
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3 8 
5 0 
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11 1 

16 7 
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The results of tuberculin tests are shown in table 7. 

Children who reacted to 0.01 mgm. of tuberculin and later all children 
10 years or more of age who reacted to 0.1 or 1.0 mgm. tuberculin received 
X-ray examination. The results of these examinations appear in 
table 8. 

In table 9 the incidence of tuberculin reactions and of lesions demon- 
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strable by X-ray in each class are recorded in order to determine whether 
unusual incidence in certain classes suggests contact with the disease 
presumably in a member of the class. 

The incidence of tuberculous infections demonstrable by tuberculin 
tests was notably high in three class rooms, namely, in No. 21 with 77.8 
per cent, in No. 18 with 73.1 per cent and in No. 13 with 83.3 per cent. 
The ratio of the total number of lesions recognized in X-ray films to the 
total number of children examined was 1:34, whereas in room No. 21 
this ratio was 1:2.8, in No. 18, 1:4.5 and in No. 13, 1:3.5. In room No. 
13 recognized latent lesions were advanced and there was one instance 
of manifest tuberculosis. Nevertheless, decisive evidence that tubercu- 
lous infection had been acquired in the school was not obtained. 

Five instances of manifest pulmonary tuberculosis (plate VI, D-1 to 
D-5), were found and all but one were in colored children. The weight 
was notably diminished in only one of them. The tuberculin reaction 
was ++ or +++ to 0.01 mgm. Three of these children had cough 
and three had slight elevation of temperature, namely, from 99.6° to 
100.6°F. In one boy (D-3) approximately one half of the right lung was 
involved and densely opaque in the X-ray film. Smears of his sputum 
were repeatedly examined directly for tubercle bacilli with negative result 
but inoculation of the sputum into a guinea pig caused tuberculosis. 

There were 10 instances (D-6 to D-15) of infiltration of the parenchyma 
of the lung with no physical signs or symptoms of tuberculosis. There 
was conspicuous involvement of the pleura in two instances (D-7 and 
D-8). In one colored child (D-6) there was caseous enlargement of the 
tracheobronchial lymph nodes, forming an immense mass near the hilum 
of the right lung. The weight was diminished more than 10 per cent in 
two instances, and almost 10 per cent in three instances but in the 
remaining 5 children it was not diminished. In 5 children there was some 
elevation of temperature (99.6 to 100.4°F.) but it is difficult to decide its 
significance. The tuberculin reaction was +++ to 0.01 mgm. in 6 
children and in no instances failed to occur with this dose. In more than 
half of these children (D-6, D-9, D-10, D-11, D-14, and D-15) with 
tuberculous infiltration of the lung, tuberculosis of tracheobronchial 
lymph nodes was recognized. 

Tuberculosis of the tracheobronchial lymph nodes was found in 14 
children (no diagrams) with no evident infiltration of the lung and in half 
of them nodules were seen in the lung parenchyma. In 4 children the 
weight was notably decreased (from 10 to 20 per cent) but in the remain- 
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der there was little deviation from normal. The tuberculin reaction with 
one exception (+++) was + or ++ to 0.01 mgm. The temperature 
in two children was 99.6° but cannot be regarded as significant. There 
was a history of contact with tuberculosis in only one instance. 

In one child a moderately large mass found in the substance of the 
lung was regarded as caseous because it cast a soft homogeneous shadow 
on the X-ray film. In this child the weight was normal, the tuberculin 
reaction +-+ to 0.01 mgm. and the temperature 100°. The significance 
of the elevation of temperature is doubtful. 

Five children (D-1 to 5) with pulmonary tuberculosis were believed to 
need sanatorium treatment. A sixth (D-6), with massive caseous tuber- 
culosis of the tracheobronchial lymph nodes and infiltration of the lung, 
should receive the same care. Nine children with latent infiltration of 
the lung should be assigned to open-air classes but of these the three 
older (D-4 and 15) probably require little more than repeated examination. 


PLATE VI 
Pulmonary Tuberculosis 


D-1: Boy, colored, aged 8 years. Weight 94 per cent. Tuberculin reaction, 
++ to0.01mgm. X-Ray Examination: There was an infiltration at the right 
7th, 8th and 9th interspaces, densest in a wedge-shaped area with its base at the 
border of the heart; in the oblique film this was represented by a broad opaque 
band from the border of the heart to the chest-wall. No physical signs. 
Afternoon temperatures, 99.8°, 100°, 100.6°, 99.8°, 100°. The child coughed 
at night. 

Diagnosis: Pulmonary tuberculosis. 

Reéxamination nine months later showed that the infiltration had dimin- 
ished slightly in extent and density. 


D-2: Girl, colored, aged 8 years. Weight 113 per cent. Tuberculin reaction, 
++ to 0.01 mgm. X-Ray Examination: Scanty infiltration was disclosed 
at the anterior level of the 3rd, 4th and Sth ribs, and at the margin of the heart. 
There was diminished resonance at the left 2nd and 3rd interspaces and a few 
fine moist rales after cough at the 3rd and 4th interspaces medial to the 
anterior axillary line. Afternoon temperatures, on three occasions, 99.6°, 
99.4° and 99.6°. 
Diagnosis: Pulmonary tuberculosis. 


D-3: Boy, colored, aged 9 years. Weight 88 per cent. Tuberculin reaction, 
++ to0.0l1mgm. X-Ray Examination: A dense, rather homogeneous opacity 
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of the upper part of the right lung was limited sharply below by an interlobar 
pleural line, which crossed the 6th, 7th and 8th ribs from the axilla to the root 
of thelung. Diminished resonance was heard over the right lung from the apex 
as low as the 4th rib anteriorly and the angle of the scapula posteriorly; breath- 
sounds were diminished and medium moist rales, increasing after cough, were 
heard in the same area. Temperature 99.6° at 3 p.m. The boy had been 
troubled by cough in winter for the past 3 years and had had persistent 
cough with sputum for the past 4 months. He expectorated from one to two 
drachms of purulent sputum daily and undoubtedly swallowed much more. 
The sputum was negative for tubercle bacilli on 10 direct examinations. Two 
guinea pigs were inoculated with the sputum; one died after 8 weeks with local 
and generalized tuberculosis, and the other, killed during the 12th week after 
inoculation, showed no evidence of tuberculosis. 
Diagnosis: Pulmonary tuberculosis. 


D-4; Girl, colored, aged 12 years. Weight 112 per cent. Both parents were 
dead from unknown causes. Tuberculin reaction, +++ to 0.01 mgm. 
X-Ray Examination: There was a nodule in the left lung at the level of the 
7th rib, a small granular mass at the 6th rib at the left border of the heart and 
soft infiltration of the lower part of the left lung. There were numerous me- 
dium moist rales over the whole left lung, less numerous toward the apex; 
lung resonance, voice and breath-sounds were normal. ‘Temperature, on 
several days, 98.2°, 98.6°, 98.4°, 98°, 98.4°. The girl had moderately severe 
cough and purulent sputum, which was negative for tubercle bacilli on 12 
examinations and on guinea-pig inoculation. 

Diagnosis: Pulmonary tuberculosis and latent tuberculosis of tracheobron- 
chial lymph nodes. 


D-5: Boy, Italian, aged 14 years. Weight 104 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: A small granular mass was seen 
at the left 5th interspace and aorta and two small granular masses at the 
right hilum behind the 7th rib, and a nodule, with scant infiltration peripheral 
to it, at the right 7th rib in the axilla. Rdales were heard below the right 4th 
rib anteriorly. Temperature 99°. 

Diagnosis: Pulmonary tuberculosis and latent tuberculosis of tracheobron- 
chial lymph nodes. 


Latent Tuberculous Infiltration of the Lung 


D-6: Boy, colored, aged 7 years. Weight 92 per cent. Tuberculin reac- 
tion, + to0.01 mgm. X-Ray Examination: An immense mass, 6.4 x 3.5 cm., 
was found at the right hilum extending from the 5th to the 8th rib; from 
this mass linear infiltration at the 4th and 5th interspaces extended to the 
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periphery of the lung. No physical signs. Temperature, 100°, 99.6°, 99.2°, 
99.8°, on four different days. The blood-count was normal. 

Diagnosis: Latent tuberculosis with massive caseation of tracheobronchial 
lymph nodes with tuberculous infiltration of the lung. 

Examination three months later revealed medium moist rales over the right 
apex. The density and extent of the pulmonary infiltration had increased 
but the mass described above was no longer sharply outlined. 

Revised diagnosis: Pulmonary tuberculosis. 


D-7: Boy, colored, aged 7 years. Weight 122 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: There was a large, sharply out- 
lined, oval mass, 2.8 x 1.5 cm., at the pleura in the left axilla. No physical 
signs. Afternoon temperature, 100°, 100.2°, 99.4°, 99.2°, 99.2°, on 5 different 


days. 
Diagnosis: Latent tuberculous iafiltration of the Jung in contact with the 


pleura. 


D-8: Girl, colored, aged 7 years. Weight 104 percent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: There was a sharply defined infiltra- 
tion at the 3rd and 4th interspaces on the right side, dense pleural thickening 
from the 5th interspace to the diaphragm in the right axillary line with possible 
infiltration at the right base, and a heavy interlobar line in the 7th right inter- 
space with some infiltration below it. Diminished resonance and feeble breath- 
sounds were heard at the right base. Afternoon temperature, 99.4°, 99.6°, 
99.4°, 99.4°, on four different days. Throat-swab and guinea-pig inoculation 
were negative for the tubercle bacillus. 

Diagnosis: Pleurisy and latent tuberculous infiltration of the lung. 

This child was reéxamined after eight months. Weight 110 per cent. 
Tuberculin reaction, ++ to 0.01 mgm. Temperature 99.4°. On physical 
examination it was noted that the lymph nodes in the right axilla were en- 
larged, some as large as marbles; breath-sounds at the right base were distant 
while at the left base they were harsh. On roentgenological examination 
it was found that the pleural thickening previously described was much less 
and the basal infiltration was no longer seen. ‘The infiltration in the upper part 
of the lung had increased in density and extent. 


D-9; Girl, colored, aged 8 years. Weight 100 per cent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: There was a small granular mass 
at the left 6th interspace and a thickened interlobar line with strands about 
it crossing the right 8th rib; there were also two granular masses, 1.7 x 0.7 
cm. and 1.4 x 0.6 cm., high up on the right side of the trachea. No physical 
signs. Temperature, on two occasions in the morning, 99,6° and 99°, Throat- 
swab and guinea-pig inoculation were negative for the tubercle bacillus. 
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Diagnosis: Latent tuberculous infiltration of the lung and_ tuberculosis 
of tracheobronchial lymph nodes. 


D-10: Girl, Italian, aged 8 years. Weight 112 per cent. The child’s father 
had died of pulmonary tuberculosis five years before the examination. Tuber- 
culin reaction, +-+-+ to0.01 mgm. X-Ray Examination: There was a scanty 
infiltration in the right lung at the level of the 7th interspace, a granular mass, 
1.2 x 0.7 cm., at the level of the 8th interspace within the heart shadow on 
the left side, and an interlobar line on the right side. No physical signs. 
Temperature 98.8°. 

Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 
tracheobronchial lymph nodes. 


D-11: Girl, colored, aged 12 years. Weight 85percent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: There wasa granular mass, 6 x 7 
mm., at the level of the 6th interspace on the right side close to the border 
of the heart, and soft infiltration at the right 3rd, 4th and 5th interspaces. No 
physical signs. Temperature, 98.4° at 3:10 p.m. Guinea-pig inoculation from 
throat-swab was negative. 

Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 
tracheobronchial lymph nodes. 


D-12: Boy, Jewish, aged 13 years. Weight 104 per cent. Tuberculin reac- 
tion, +++ to0.01 mgm. X-Ray Examination: Infiltration was seen at the 
base of the right lung at the level of the 8th interspace, probably in part due to 
thickening of interlobar pleura. No physical signs. Temperature, on differ- 
ent days, 99.4°, 99.6°, 99.2°, 99.2°, 100.4°. 

Diagnosis: Latent tuberculous infiltration of the lung. 


D-13: Girl, colored, aged 13 years. Weight 90 percent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: An area of soft granular opacity, 
about 2.5 x 1.5 cm., was seen at the left 7th interspace at the border of the 
heart. No physical signs. Temperature 98.8°. Guinea-pig inoculation from 
throat-swab was negative. 

Diagnosis: Tuberculous infiltration of the lung. 

On reéxamination nine months later a granular mass, 1.5 x 0.9 cm., was 
seen at the left 7th interspace in the position noted above. 


D-14: Girl, Jewish, aged 14 years. Weight 82 percent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There was a granular mass, 0.8 x 0.7 
cm., at the right hilum behind the 8th rib, a peripheral nodule at the 8th 
interspace and a rather ill-defined scanty shadow indicating infiltration at the 
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6th interspace; the oblique film showed in addition a large granular mass, 2.2 x 
1.5 cm., close to the right bronchus below the bifurcation of the trachea. No 


physical signs. Temperature, 98.8° at 9:45 a.m. 
Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 


tracheobronchial lymph nodes with peripheral nodule. 


D-15: Boy, Italian, aged 15 years. Weight 91 percent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: There were two calcified nodules in 
the right lung-field at the 8th interspace and a granular mass, 1.1 x 1 cm., at 
the right 8th rib near the border of the heart; at the 7th left interspace there was 
a smaller mass with two granules beside it near the border of the heart, and a 
linear shadow of scant density indicating infiltration of the lung. There were 
inconstant medium moist rales at the base of the right lung below the 4th rib 


anteriorly. Temperature 98°. 
Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 


tracheobronchial lymph nodes with peripheral calcified nodules. 


SCHOOL E (HIGH SCHOOL FOR BOYS) 


The pupils of the school number 2,541 and come from a thickly 
populated district situated immediately south of the central part of the 
city. The boys are in large part from families in poor circumstances. 
Most of them are the children of foreign-born parents and are either Jew- 
ish or Italian, the former being much more numerous. There is a small 
number of colored children. The pupils are not divided into classes but 
each has his schedule of studies and no large groups remain constantly 
together. There is a large assembly room in which pupils prepare lessons 
during study periods but it is never crowded. ‘The class-rooms are not 
crowded but all available space is in use and during change of classes the 
corridors are much congested. The building, erected in 1914, is of mod- 
ern construction. 

All boys who reacted to tuberculin were requested to report for roent- 
genological examination. Only a small number who had in the interval 
left the school failed to receive this examination. Physical examination 
was made whenever a significant abnormality of the lungs was suggested 
by the X-ray film. 

The results of tuberculin tests in white boys are found in table 10. 

The number of colored boys who were tested is too small to tabulate. 
Of colored boys aged 14 years 1 was tested and 1 reacted; aged 15, 11 
tested and 8 reacted; aged 16, 9 tested and 7 reacted; aged 17, 9 tested 


i 


466 HETHERINGTON, McPHEDRAN, LANDIS AND OPIE 


and 7 reacted; aged 19, 1 tested and 1 reacted. Of all ages 31 were tested 
and 24 reacted, namely, 77.4 per cent. The percentage of colored boys 
who reacted is somewhat greater than that of white boys. 

Table 11 shows the tuberculous lesions that were discovered by X-ray 
and physical examinations. 

TABLE 10 
Tuberculin tests made upon pupils of School E, a high school for boys 
White—boys 


AGE | NUMBER TESTED NUMBER POSITIVE PER CENT POSITIVE 


12 to 14 188 129 68.6 
15 to 19 379 75.8 
3 100.0 


511 73.9 


TABLE 11 
Results of X-ray examinations by age in School E 


WITH 


WITH WITH TUBERCULOSIS | WITH LATENT ; 
Poel PULMONARY | PULMONARY | OF TRACHEO- APICAL pyrceanensony 
NODULES | INFILTRATION] BRONCHIAL | TUBERCULOsIS| MANIFEST 

TUBERCULOSIS 


LYMPH NODES 


WITH 


12 to 14 131 4 25 (2) 1 
15 to 19 397 25 79 (6) 1 
20 3 


531 29 104** St 2§ 


*In 4 instances tuberculous infiltration of the lung was accompanied by recognizable 
lesions of tracheobronchial lymph nodes. In 4 instances pulmonary infiltration recognized 
in X-ray films was not believed to be tuberculous and was omitted from the table. 

** Tuberculosis of tracheobronchial lymph nodes accompanied by pulmonary infiltration, 
latent apical or manifest tuberculosis is indicated in brackets and being listed in the corre- 
sponding columns is not included in the total. 

{ In 2 instances latent apical tuberculosis was accompanied by recognizable lesions of 
tracheobronchial lymph nodes. 

§ In 2 instances manifest tuberculosis was accompanied by recognizable lesions of tracheo- 
bronchial lymph nodes. 


Pulmonary tuberculosis recognized by roentgenological examination 
and physical signs was found only twice (plate VII, E-1 and E-2), being 
in one instance of childhood and in the other of adult type. The lesion of 
adult type was minimal in extent and was accompanied by calcification 
of a tracheobronchial lymph node indicative of a preceding tuberculous 
infection. The boy was 12 per cent underweight. Advice to stop school 
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work was accepted and after a short period of rest there was considerable 
gain in weight. 

Latent apical tuberculosis was found in five boys (E-3 to E-7) and was 
in all of them not less extensive than the lesion found in the one instance 
of clinically manifest tuberculosis. The weight was 13 per cent below 
normal in one instance and the other boys were moderately overweight. 
There was a history of family contact with tuberculosis in two instances 
and in another instance the boy’s maternal grandmother had died from 
tuberculosis. The lesion was accompanied by a calcified nodule of the 
lung and tuberculosis of tracheobronchial lymph nodes in two instances. 
The parents of these children were informed that these lesions just cited 
might develop into active disease and were advised to place the children 
under medical care that would insure repeated roentgenological examina- 
tion. 

Latent tuberculous infiltration of the lung was believed to exist in 11 
boys (plates VII and VIII, E-8 to E-18). This diagnosis was supported 
by the presence of an active tuberculin reaction and tuberculosis of 
tracheobronchial lymph nodes in 4 instances (E-8, E-9, E-10, E-11). 
In the remaining instances the diagnosis was based upon the position of 
the lesion and active reaction to tuberculin (+ to +++ with 0.01 mgm. 
of tuberculin). In two instances rales were heard in the neighborhood 
of the infiltrated area. 

Infiltration of the lung not referable to tuberculosis was found four 
times. One case may be cited to illustrate these lesions. Fever and 
cough, diagnosed influenza, occurred two weeks before examination. 
There were a few fine moist rales on both sides below the angle of the scap- 
ula and evidence of soft infiltration on roentgenological examination at 
both bases. The tuberculin reaction was + to 0.01 mgm. of tuberculin. 

Tuberculosis of tracheobronchial lymph nodes was found in 104 in- 
stances but in these children, who varied in age from 12 to 18 years, it was 
assumed that the lesion was in process of healing. Four of the most 
extensive lesions are shown in diagrams (F-19 to F-22). In four instances 
an unusually active tuberculin reaction, namely, +++ to 0.01 mgm. of 
tuberculin, suggested that the disease might still be progressive. The 
parents of these children were advised to put them under medical obser- 
vation so that roentgenological examination of the chest might be made 
at intervals of 6 months. 

It was believed that sanatorium treatment would benefit the two 
children with pulmonary tuberculosis (E-1 and 2). Children with 
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latent apical tuberculosis (E-4 to 7) and with tuberculous infiltration of 
the lung of childhood type (E-8 to 18) require repeated examination 
to determine whether their lesion is progressive, a modified high-school 
regimen that will prevent mental or bodily fatigue, and measures to 
ensure adequate rest and nourishment. 


PLATE VII 
Pulmonary Tuberculosis 


E-1: Boy, Jewish, aged 14 years. Weight 100 per cent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: There were two nodules in the left 
lung-field, an area of infiltration at the base below the shadow of the left 
9th rib, and two granular masses close to the left bronchus. There were a few 
medium moist and occasional musical rales below the angle of the left scapula. 
Temperature, 98.6° at 1:30 p.m. 

Diagnosis: Pulmonary tuberculosis of childhood type and tuberculosis of 
tracheobronchial lymph nodes. 


E-2: Boy, Jewish, aged 15 years. Weight 88 per cent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: There was scanty infiltration at the 
2nd and 3rd interspaces on the left side and a granular mass at the left hilum; 
there was also a nodule at the 4th interspace on the right side. There was 
slight restriction of expansion over the left apex; the breath-sounds above the 
clavicle were granular, and on one examination medium moist rales were heard. 
Temperature, 99.4° at 3 p.m. 

Diagnosis: Pulmonary tuberculosis of minimal extent and_ tuberculosis 
of the tracheobronchial lymph nodes with peripheral calcified nodule. 

This boy was advised to stop his school work. He followed suggestions 
regarding diet and rest at home and gained over 20 pounds in less than three 
months. 

Latent Apical Tuberculosis 


E-3: Boy, Jewish, aged 13 years. Weight 104 per cent. The boy’s mother 
had died of pulmonary tuberculosis six years before his examination; a brother, 
aged 17 years, was in a sanatorium with pulmonary tuberculosis. Tuberculin 
reaction, + to0.l1mgm. X-Ray Examination: Well-defined infiltration was 
seen at the left apex extending as low as the 4th rib. The chest was slightly 
flattened over the left apex. Temperature, 98.8° at 1:10 p.m. 

Diagnosis: Latent apical tuberculosis. 


E-4; Boy, American, aged 14 years. Weight 114 per cent. His maternal 
grandmother had died of phthisis. Tuberculin reaction, + to 0.01 mgm. 
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X-Ray Examination: On the right side a salient projected into the lung-field 
below the shadow of the 2nd rib with scanty infiltration at the 2nd and 3rd 
interspaces; there was also scanty infiltration at the level of the 5th rib toward 
the axilla. No physical signs. Temperature 99.8°. The crypts of the tonsils 
were dilated with purulent exudate. 

Diagnosis: Latent apical tuberculosis. 

This boy died a few weeks later from peritonitis following appendicitis. 


E-5: Boy, Italian, aged 15 years. Weight 97 per cent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: There was a well-defined infiltration 
in the axilla at the level of the 2nd, 3rd and 4th interspaces on the right side; 
on the left side there was tenting of the diaphragm and above this two nodules 
with a scanty infiltration in their vicinity; there were groups of small calcified 
spots at the hilum of each lung. No physical signs. Temperature, 98.6° at 
12 m. 

Diagnosis: Latent apical tuberculosis and latent tuberculosis of tracheo- 
bronchial lymph nodes with peripheral calcified nodule. 


E-6: Boy, Jewish, aged 16 years. Weight 103 per cent. His mother had 
died of pulmonary tuberculosis one year before his examination. Tuberculin 
reaction, + to 0.01 mgm. X-Ray Examination: Soft infiltration was seen in 
the left 2nd and 3rd interspaces; also a nodule in the right lung-field and an 
interlobar line. Nophysicalsigns. Temperature 98.8°. 

Diagnosis: Latent apical tuberculosis and peripheral calcified nodule. 


E-7: Boy, Italian, aged 16 years. Weight 115 percent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There were two irregular soft nodules 
with sharply defined infiltration about them above the clavicle on the right 
side, also scanty infiltration at the level of the 6th rib, a nodule at the base and 
calcification of a tracheobronchial lymph node at the hilum. No physical 
signs. Temperature, 98.6° at 1 p.m. 

Diagnosis: Latent apical tuberculosis and latent tuberculosis of tracheo- 
bronchial lymph nodes with peripheral calcified nodule. 


Latent Tuberculous Infiltration of the Lung 


E-8: Boy, Jewish, aged 16 years. Weight 93 per cent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There was an area of linear infiltration 
at the right 4th, 5th and 6th interspaces, and a granular mass to the right of 
the trachea above the right bronchus. No physical signs. Temperature, 
99.4° at 10:15 a.m. 

Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 
tracheobronchial lymph nodes. 
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E-9: Boy, Jewish, aged 17 years. Weight 101 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: A well-defined infiltration con- 
taining several soft nodules was observed between the 6th and 8th ribs on the 
right side; also an interlobar line in the right lung and a granular mass at 
the right hilum. No physical signs. Temperature, 98.6° at 3 p.m. 

Diagnosis: Latent tuberculous infiltration of the lung with tuberculosis of 
tracheobronchial lymph nodes. 


E-10: Boy, Italian, aged 15 years. Weight 98 percent. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There were three small nodules at the 
right apex and a calcified mass beside the right bronchus; on the left side there 
was a coarse strand from the border of the heart to the periphery with finer 
striations above and below it at the 8th and 9th interspaces. No physical 
signs. Temperature, 98.6° at 1 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with 
peripheral calcified nodules, and latent tuberculous infiltration of the lung. 


E-11: Boy, Italian, aged 14 years. Weight 111 per cent. Tuberculin reac- 
tion, +++ to0.0i1mgm. X-Ray Examination: A sharply defined infiltration 
made up of nodules and coarse strands appeared at the level of the 6th inter- 
space on the right side; also a nodule in the right lung and a granular mass 
close to the right side of the trachea above the right bronchus. No physical 
signs. Temperature, 98.6° at 3 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and latent 
tuberculous infiltration of the lung. 


E-12: Boy, Jewish, aged 16 years. Weight 91 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: There was an ill-defined infiltra- 
tion in the left lung at the level of the 7th interspace and a scanty infiltration 
at the right base behind the 10th rib. No physical signs. Temperature, 98.8° 
at 2:10 p.m. 

Diagnosis: Latent tuberculous infiltration of the lung. 


PLATE VIII 


Latent Tuberculous Infiltration of the Lung (cont.) 


E-13: Boy, Jewish, aged 14 years. Weight 91 percent. Tuberculin reaction, 
+++ to0.01mgm. X-Ray Examination: An infiltration consisting of coarse 
strands extended outward from the hilum at the 6th and 7th interspaces; there 
was also a nodule behind the shadow of the 7th rib. No physical signs. 
Temperature, 98.8° at 11:15 a.m. 

Diagnosis: Latent pulmonary infiltration, probably tuberculous, and 
calcified tuberculous nodule. 
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E-14: Boy, Jewish, aged 15 years. Weight 94 per cent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: A well-defined infiltration consisting 
of strands and nodules extended into the left lung from the hilum at the level 
of the 6th and 7th ribs. No physical signs. Temperature, 99° at 2:15 p.m. 
Diagnosis: Latent pulmonary infiltration, probably tuberculous. 


E-15: Boy, Jewish, aged 15 years. Weight 108 per cent. Tuberculin reac- 
tion, + to 0.01 mgm. X-Ray Examination: Two nodules were seen on the 
right side, one at the 6th interspace and the other behind the 7th rib; they were 
surrounded by a scanty infiltration between the 6th and 8th ribs. Occasional 
fine moist rales of doubtful significance were heard at the right base anteriorly 
below the 4th rib. Temperature, 99.4° at 1:30 p.m. 

Diagnosis: Latent tuberculous infiltration of the lung, probably healing, 
with calcified nodules. 


E-16: Boy, colored, aged 17 years. Weight 109 per cent. Tuberculin reac- 
tion, + to0.l1mgm. X-Ray Examination: There was a soft nodule surrounded 
by scanty infiltration at the level of the 5th and 6th interspaces on the right 
side, and a nodule in the left lung. No physical signs. Temperature, 97.6° at 
1:15 p.m. 

Diagnosis: Pulmonary infiltration, probably tuberculous, and peripheral 
calcified nodule, probably healing. 


E-17: Boy, Jewish, aged 18 years. Weight 95 percent. Tuberculin reaction, 
++ to 0.01 mgm. X-Ray Examination: A sharply defined infiltration was 
seen at the level of the 6th rib. No physical signs. Temperature, 99° at 2:15 
p.m. 

Diagnosis: Latent tuberculous infiltration of the lung, probably healing. 


E-18: Boy, Jewish, aged 17 years. Weight 107 per cent. Tuberculin reac- 
rion, ++ to 0.01 mgm. X-Ray Examination: A rather scanty, sharply cir- 
cumscribed infiltration was revealed in the 6th left interspace in the axilla. 
No physical signs. ‘Temperature, 99.2° at 1:15 p.m. 

Diagnosis: Latent tuberculous infiltration of the lung. 


Latent Tuberculosis of Tracheobronchial Lymph Nodes 


E-19: Boy, Jewish, aged 16 years. Weight 87 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: There was a nodule at the right 
apex behind the 3rd rib and a granular mass, 1.1 x 0.8 cm., to the right of the 
trachea; in the oblique film a small granular mass was seen in the carina and 
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two small masses to the left of the trachea above the level of the bifurcation. 
No physical signs. Temperature, 98.6° at 12:30 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
peripheral calcified nodule. 


E-20: Boy, Jewish, aged 14 years. Weight 113 per cent. Tuberculin reac- 
tion, +++ to 0.01 mgm. X-Ray Examination: There was a granular mass 
at the right hilum at the level of the 6th interspace and a larger granular mass, 
2.1x 1.2 cm., to the right of the trachea. No physical signs. Temperature, 
98.6° at 1:30 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes. 


E-21: Boy, Jewish, aged 16 years. Weight 109 per cent. Tuberculin reac- 
tion, +++ to0.01 mgm. X-Ray Examination: In two oblique films a large, 
irregular, sharply defined mass, 1.8 x 1.1 cm., was seen at the right of the 
trachea just above the level of the bifurcation. No pynee signs. Tempera- 
ture, 98.6° at 1:50 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial es nodes. 


E-22: Boy, Italian, aged 16 years. Weight 109 per cent. Tuberculin reac- 
tion, +++ to 0.01 mgm. X-Ray Examination: A large granular mass, 
3.4 x 1.5 cm., was seen at the right of the trachea and right bronchus; in the 
oblique film this mass measured 4x 1.2 cm. No physical signs. Tempera- 
ture, 99° at 2:15 p.m. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes (mas- 


sive). 
SCHOOL F (HIGH SCHOOL FOR GIRLS) 


The school, which has 1,862 pupils, occupies a separate building of simi- 
lar construction in immediate contact with the high school for boys. 
The pupils come from the same district and their racial distribution 
is similar to that of the boys. The school is conducted upon the 
same plan as that for boys. There is congestion of corridors when chil- 
dren pass from one room to another but the rooms are not crowded. 

Tuberculin tests of white children are separated from those of the 
colored because the number of the latter is very small. (Table 12.) 

Of colored girls aged 14, 1 was tested and 1 reacted; aged 15 years, 
9 tested and 7 reacted; aged 16, 7 tested and 7 reacted; aged 17, 7 tested 
and 7 reacted; aged 18, 6 tested and 6 reacted. Altogether 30 colored 
girls from 14 to 18 years of age were tested and 28 reacted, namely, 93.3 
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percent. The percentage of colored girls who reacted is slightly greater 


than that of white girls. 

The results of radiological supplemented by physical examination, 
were as shown in table 13. 

The survey of the school revealed eight instances (plate IX, F-1 to F-8) 
of pulmonary tuberculosis recognized by changes well-defined in X-ray 


TABLE 12 
Tuberculin tests made upon children of School F 
White—girls 


AGES 


NUMBER TESTED 


NUMBER POSITIVE 


PER CENT POSITIVE 


12 to 14 
15 to 19 


108 
389 


88.9 
89.9 


497 89.7 


TABLE 13 
Results of X-ray examinations by age in School F 


WITH 
TUBERCULOSIS 
OF TRACHEO- 

BRONCHIAL 
LYMPH NODES 


WITH 
CLINICALLY 
MANIFEST 
1UBERCULOSIS 


WITH LATENT 
APICAL 
TUBERCULOSIS 


WITH 
PULMONARY 
INFILTRATION 


WITH 
PULMONARY 
NODULE 


NUMBER 
EXAMINED 


9 (4) 0 2 
75 (9) 6 6 


8§ 


*In 6 instances tuberculous infiltration of the lung was accompanied by recognizable 
lesions of tracheobronchial lymph nodes. Two instances of pulmonary infiltration con- 
sidered to be nontuberculous are not included in the table. 

** Tuberculosis of tracheobronchial lymph nodes accompanied by pulmonary infiltration, 
latent apical or manifest tuberculosis is indicated in brackets and being listed in the corre- 
sponding columns is not included in the total. 

+ In 3 instances latent apical tuberculosis was accompanied by recognizable lesions of 
tracheobronchial lymph nodes. 

§ In 4 instances manifest tuberculosis was accompanied by recognizable lesions of tracheo- 
bronchial lymph nodes. 


98 
376 31 


34 


12 to 14 
15 to 19 
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plates and by physical signs. Only 2 of these girls (F-5 and F-6) were 
notably underweight. There was a history of contact with tuberculosis 
in only two instances. In four instances (F-3, F-4, F-5 and F-7) tuber- 
culosis was designated as moderately advanced in accordance with the 
classification of the National Sanatorium Association. 

The parents were informed that these children suffered with tuberculo- 
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Sanatorium care was 


sis and should receive treatment for the disease. 
recommended. 

In 6 instances there was latent apical tuberculosis (F-9 to F-14) and in 
three of them (F-10, F-11 and F-12) calcified tracheobronchial lymph 
nodes gave evidence of earlier tuberculous infection. Four of these 
children stated that they had lived with a relative suffering with pul- 
monary tuberculosis. Four (F-10, F-11, F-13 and F-14) were 13 per cent 
or more underweight. 

The parents of these children were interviewed and told that the exam- 
ination indicated the presence of grave tuberculous infection. They 
were advised to obtain medical care so that the progress of the tubercu- 
lous infection could be followed by repeated roentgenological examina- 
tions. The clinic of the Henry Phipps Institute was prepared to give 
these examinations. 

In 8 instances (plate X, F-15 to F-22) markings in the X-ray films 
indicated that there was infiltration of the lung that was believed to 
be referable to tuberculosis. In 6 of these children (F-15, F-16, F-17, 
F-19, F-20 and F-21) there was associated tuberculosis of the tracheo- 
bronchial lymph nodes and in the two remaining the position of the lesion 
and the tuberculin reaction indicated that the infiltration was tubercu- 
lous. In two instances infiltration was found at the base of the lung 
but was not believed to be tuberculous. 

It was believed that sanatorium treatment or its equivalent would 
give the best chance of recovery to the eight children with pulmonary 
tuberculosis (F-1 to 8). Children with latent apical tuberculosis (F-9 
to 14) and with tuberculous infiltration of the lung of childhood type 
(F-15 to 22) should receive repeated examinations to determine whether 
the lesion is progressing, a school regimen modified to prevent mental 
or physical fatigue, and adequate rest and nourishment. Unless this 
care can be ensured sanatorium treatment or its equivalent is desirable 
for those children who are conspicuously underweight (F-10, 11, 13, 14 
and 15). 


PLATE IX 


Pulmonary Tuberculosis 


F-1; Girl, Jewish, aged 12 years. Weight 94 per cent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: A bilateral apical infiltration of 
moderate density extended as low as the 3rd rib on either side; there was a cal- 
cified nodule at the 2nd interspace and two granular masses, 1.3 x 0.4 cm. 
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and 1.1 x 0.6 cm., at the 4th and 5th ribs close to the spine on the right side. 
There was diminished resonance at both apices; breath-sounds were granular 
at the right apex posteriorly and bronchovesicular at the left apex posteriorly. 
Temperature, 99.2° at 2:20 p.m. Guinea-pig inoculation from throat-swab 
was negative for tubercle bacilli. 

Diagnosis: Pulmonary tuberculosis of minimal extent, tuberculosis of 
tracheobronchial lymph nodes and calcified nodule in the lung. 


F-2: Girl, Italian, aged 14 years. Weight 93 per cent. Tuberculin reaction, 
++ to0.01 mgm. X-Ray Examination: Two nodules were seen at the right 
base with soft infiltration below the 8th rib, and at the left base another nodule 
with similar infiltration behind and below the 8th rib; the lesion on the right 
was best seen in posteroanterior films, and that on the left in the antero- 
posterior position; there was also a large granular mass, 2.5 x 1.2 cm., close to 
the right bronchus below the bifurcation of the trachea. Medium moist rales, 
increasing after cough, were heard at the right base anteriorly and at the left 
base posteriorly, and resonance was diminished at the left base posteriorly. 
Temperature 98.4°. Guinea-pig inoculation from throat-swab was negative 
for tubercle bacilli. 

Diagnosis: Pulmonary tuberculosis of childhood type and latent tuberculo- 
sis of tracheobronchial lymph nodes. 


F-3: Girl, Jewish, aged 15 years. Weight 93 percent. She had a brother who 
died of pulmonary tuberculosis eighteen months before her examination. 
Tuberculin reaction, + to0.01 mgm. X-Ray Examination: Moderately dense 
infiltration extended from the apex as low as the 5th rib on the right side, and 
rather dense infiltration from the apex to the 4th rib on the left; there was a 
nodule at the 5th right interspace, and a faintly granular area, 2.7 x 2 cm., 
was seen in the oblique film to the right of the trachea above the right bronchus. 
There was diminished expansion over the left apex, and loss of resonance at 
both apices with bronchovesicular breath-sounds. Temperature 98.4°. 
Guinea-pig inoculation from throat-swab was negative for tubercle bacilli. 
Diagnosis: Pulmonary tuberculosis, moderately advanced, and tuberculosis 
of tracheobronchial lymph nodes with peripheral calcified nodule. 


F-4; Girl, Jewish, aged 17 years. Weight 99 per cent. Tuberculin reaction. 
+++ to0.01 mgm. X-Ray Examination: A soft, moderately dense infiltra- 
tion of the right apex extended as low as the level of the 6th rib. There was 
diminished expansion and diminished resonance over the right apex. Tem- 
perature 97.8° 

Diagnosis: Pulmonary tuberculosis, moderately advanced. 

Her parents took this girl to their family physician, who is reported to have 
said that she was perfectly well and did not have tuberculosis. 
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F-5; Girl, Jewish, aged 17 years. Weight 85 per cent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: A scanty infiltration was seen at the 
right apex and moderately dense infiltration at the left apex as low as the 5th 
rib. ‘There was diminished expansion at the apex of the left lung, and pos- 
teriorly the percussion note was higher in pitch. Temperature, 99.6° at 3:15 
p.m. Guinea-pig inoculation from throat-swab was negative for tubercle 


bacilli. 
Diagnosis: Pulmonary tuberculosis, moderately advanced. 


F-6: Girl, colored, aged 17 years. Weight 78 per cent. The household 
included a maternal aunt with pulmonary tuberculosis. Tuberculin reaction, 
++ to 0.01 mgm. X-Ray Examination: There was a soft infiltration at the 
3rd and 4th interspaces on the left side. There was diminished resonance and 
restricted movement over the left apex. Temperature 99°. Guinea-pig inocu- 
lation from throat-swab was negative for tubercle bacilli. 

Diagnosis: Pulmonary tuberculosis of minimal extent. 


F-7; Girl, colored, aged 18 years. Weight 100 per cent. A cousin, living in 
the family, cleared her throat constantly. Tuberculin reaction, + to0.01 mgm. 
X-Ray Examination. In the right lung, there was an area of moderately dense, 
somewhat linear infiltration at the level of the 4th and 5th ribs in the axilla, two 
nodules in the lung-field and a granular mass, 1.3 x 0.6 cm., at the hilum; in 
the left lung, there was very scanty infiltration at the extreme apex and mode- 
rately dense infiltration from the 3rd to the 6th ribs; the oblique film showed a 
small annular shadow at the 4th rib and interspace toward the axilla and two 
additional granular masses at the carina, measuring 1.4 x 1 cm. and 1.3 x 0.6 cm. 
There were diminished expansion and loss of resonance over the left apex. 
Temperature, 99° at 2:30 p.m. This girl had had sputum for two years, 
amounting to about one drachm daily. It was negative for tubercle bacilli 
on 10 direct examinations and on guinea-pig inoculation. 

Diagnosis: Pulmonary tuberculosis, moderately advanced, with cavity, 
tuberculosis of tracheobronchial lymph nodes and calcified nodules in the lung. 


F-8: Girl, Jewish, aged 18 years. Weight 99 per cent. She visited a neighbor 
who had been given a diagnosis of lung abscess. Tuberculin reaction, + to 
0.01 mgm. X-Ray Examination: Bilateral apical infiltration was seen at the 
2nd interspace and a sharply defined pleural line crossing the 2nd interspace 
and 3rd rib on the right side. There was restricted movement at the left 
apex and diminished resonance at both apices. Temperature, 98.8° at 2 p.m. 

Diagnosis: Pulmonary tuberculosis of minimal extent. 

Films of the apices taken seventeen days later showed pleural lines at both 
apices; the infiltration at the left apex was displaced downward. This appear- 
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ance was due toa small bilateral apical pneumothorax. In films taken thirteen 
days later the pneumothorax on the left had been reabsorbed but the one on the 
right was still seen. : 


Latent A pical Tuberculosis 


F-9; Girl, Jewish, aged 15 years. Weight 97 per cent. Her mother had 
pulmonary tuberculosis but sputum negative on examination for tubercle 
bacilli. Tuberculin reaction, ++ to 0.01 mgm. X-Ray Examination: 
Salients projected into the lung below the 2nd rib on the left side; there was 
also tenting of the left diaphragm. No physical signs. Temperature, 100° 
at 2:16 p.m. 

Diagnosis: Latent apical tuberculosis. 


F-10: Girl, Jewish, aged 15 years. Weight 87 percent. She had lived in con- 
tact with a paternal uncle who died of pulmonary tuberculosis about ten years 
before. Tuberculin reaction, + to 0.01 mgm. X-Ray Examination: There 
was a scanty infiltration in the left apex at the 2nd and 3rd interspaces, a 
large granular mass, 3 x 1.4 cm., at the left hilum with a small mass, 0.5 x 0.5 
cm., close to it, and a nodule in the right lung-field. No physical signs. Tem- 
perature 98.6°. Guinea-pig inoculation from throat-swab was negative for 
tubercle bacilli. 

Diagnosis: Latent apical tuberculosis and tuberculosis of tracheobronchial 
lymph nodes with calcified nodules of the lung. 


F-11: Girl, colored, aged 17 years. Weight 75 percent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: There was scanty infiltration at the 
right apex at the 2nd and 3rd interspaces and two granular masses at the right 
hilum measuring 1.1 x 1.2 cm. and 0.7x0.8cm. No physical signs. Tem- 
perature, 98.8° at 12 m. 

Diagnosis: Latent apical tuberculosis and latent tuberculosis of tracheo- 
bronchial lymph nodes. 


F-12: Girl, Jewish, aged 17 years. Weight 95 per cent. She visited at least 
weekly a paternal uncle confined to bed with phthisis. Tuberculin reaction, 
+ to0.01 mgm. X-Ray Examination: There were salients projecting into the 
lung-field below the shadow of the 2nd rib on the right, two nodules in the right 
lung-field and two granular masses to the right of the trachea. No physical 
signs. ‘Temperature 98.6°. 

Diagnosis: Latent apical tuberculosis, latent tuberculosis of tracheobronchial 
lymph nodes and calcified nodules of the lung. 
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F-13: Girl, American, aged 17 years. Weight 86 per cent. Tuberculin 
reaction, + to0.01mgm. X-Ray Examination: Moderately dense infiltration 
was seen in the right apex at the 2nd interspace. No physical signs. Tem- 
perature, 99° at 2:15 p.m. Marked postural scoliosis to the right in the dorsal 
region. 

Diagnosis: Latent apical tuberculosis. 


F-14: Girl, American, aged 17 years. Weight 84 per cent. Tuberculin 
reaction, +++ to 0.01 mgm. X-Ray Examination: Salients projected into 
the lung-field below the shadow of the 2nd rib on the right, with soft infiltration 
at the 3rd interspace. No physical signs. Temperature, 99.8° at the men- 
strual period. 

Diagnosis: Latent apical tuberculosis. 


PLATE X 


Latent Tuberculous Infiltration of the Lung 


F-15: Girl, American, aged 14 years. Weight 87 per cent. Tuberculin 
reaction, +-+ to 0.01 mgm. X-Ray Examination: A moderately dense in- 
filtration containing two nodules was seen on the left side between the 4th and 
6th ribs, and two granular masses, one very small, at the left hilum. No physi- 
cal signs. Temperature 98.6°. The patient expectorated daily about half 
a drachm of slightly yellowish sputum, which was negative for tubercle bacilli 
on four examinations. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with calci- 
fied nodules of the lung and latent tuberculous pulmonary infiltration. 


F-16: Girl, Jewish, aged 14 years. Weight 100percent. ‘Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: Two nodules were seen behind the 
4th rib at the axilla on the left side, surrounded by a small area of rather scanty 
infiltration, and there were granular masses at the left hilum. No physical 
signs. Temperature, 99.6° at 2 p.m., and 99° at 1:15 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with calci- 
fied nodules of the lung and latent tuberculous infiltration. 


F-17: Girl, Jewish, aged 15 years. Weight 91 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: A rather scanty infiltration con- 
taining two soft nodules appeared at the right 4th and 5th interspaces toward 
the axilla, also an interlobar line in the right lung, and two small granular 
masses at the left hilum. No physical signs. Temperature, 98.6° at 1:30 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and latent 
tuberculous pulmonary infiltration. 
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F-18: Girl, Jewish, aged 15 years. Weight 120percent. Tuberculin reaction, 
+++ to0.01mgm. X-Ray Examination: There were coarse strands running 
from the level of the 4th rib at the axilla to the hilum on the right side, and a 
scanty infiltration at the 4th rib, 4th interspace and 5th rib toward the axilla. 
No physical signs. Temperature, 98.8° at 1:30 p.m. 

Diagnosis: Latent tuberculous pulmonary infiltration. 


F-19: Girl, Jewish, aged 15 years. Weight 104percent. Tuberculin reaction, 
++ to 0.01 mgm. X-Ray Examination: On the right side there were two 
nodules behind the 5th and 6th ribs with infiltration between the 4th and 6th 
ribs; also a granular mass at the right hilum. No physical signs. Tempera- 
ture, on three occasions, 100°, 99° and 98.8°. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes, calcified 
nodules of the lung and latent tuberculous infiltration. 


F-20: Girl, Jewish, aged 18 years. Weight 106 percent. Tuberculin reaction, 
++ to 0.01 mgm. X-Ray Examination: One large and two small nodules 
surrounded with infiltration were seen between the 4th and 6th ribs on the right, 
and on the left a large nodule in the 6th interspace and a small nodule at the 
7th interspace. No physical signs. Temperature, 99.4° at 11:15 a.m. 
Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes, calcified 
nodules of the lung and latent tuberculous pulmonary infiltration. 


F-21; Girl, Italian, aged 18 years. Weight 93 percent. ‘Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: An infiltration made up of coarse 
strands containing two nodules appeared behind the 7th rib and interspace 
on the right side; there was also a small granular mass at the right hilum. 
No physical signs. Temperature, 98° at 10:50 a.m. 

Diagnosis: Latent tuberculosis of the tracheobronchial lymph nodes and 
latent tuberculous pulmonary infiltration. 


F-22: Girl, Jewish, aged 18 years. Weight 115 per cent. Tuberculin reac- 
tion, + to 0.01 mgm. X-Ray Examination: There was a moderately dense 
infiltration in the right axilla between the 4th and 6th ribs, and a smaller area 
of similar infiltration behind the 7th rib, at the 7th interspace and behind the 
8th rib. No physical signs. Temperature, 98.4° at 1.45 p.m. 

Diagnosis: Latent tuberculous pulmonary infiltration. 


Latent Tuberculosis of Tracheobronchial Lymph Nodes 


F-23: Girl, Italian, aged 14 years. Weight 90 percent. Tuberculin reaction, 
+++ to0.01mgm. X-Ray Examination: There wasa nodule at the 7th inter- 
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space on the right side and an irregularly shaped granular mass, 2.2 x 0.3 cm., 
at the hilum at the level of the 6th interspace, and, in the oblique exposure, a 
small granular mass at the carina with a somewhat larger mass below it, close to 
the right bronchus. No physical signs. Temperature, 98.4° at 2:10 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
calcified nodule of the lung. 


F-24; Girl, Jewish, aged 15 years. Weight 100 per cent. Tuberculin reac- 
tion, ++-+ to 0.01 mgm. X-Ray Examination: There was a large nodule, 
1.1 x 1.3 cm., in the right lung-field at the 9th interspace with two small 
nodules nearby; there were two small granular masses near the right hilum, one 
at the 7th interspace and the other behind the 9th rib within the shadow 
of the heart; on the left side, there were two nodules in the lung-field and two 
granular masses, one very small, at the 6th interspace at the hilum; in the 
oblique film, a large granular mass, 3.1 x 1.1 cm., appeared at the carina with a 
similar mass, 1.7 x 0.5 cm., below it and medial to the right bronchus. No 
physical signs. Temperature, 99.6° at 2 p.m. during the menstrual period. 

Diagnosis: Massive latent tuberculosis of tracheobronchial lymph nodes 
and multiple peripheral calcified nodules. 


F-25: Girl, Jewish, aged 16 years. Weight 97 percent. Tuberculin reaction, 
+++ to 0.01 mgm. X-Ray Examination: Three nodules were seen in the 
right lung-field, and in the left lung a small granular mass within the shadow of 
the heart at the level of the 7th interspace. No physical signs. Tempera- 
ture, 98.4° at 2:15 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with calci- 
fied nodules of the lung. 


F-26: Girl, Jewish, aged 16 years. Weight 98 per cent. Tuberculin reaction, 
+++ to0.01mgm. X-Ray Examination: Two nodules appeared in the right 
lung-field and a large granular mass, 2 x 1.2 cm., at the right hilum at the 
6th interspace. No physicalsigns. Temperature, 98.8° at 10:25 a.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
peripheral calcified nodules. 


F-27: Girl, Jewish, aged 16 years. Weight 98 percent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: On the left side a nodule was seen 
in the lung-field behind the 8th rib and a granular mass at the hilum at the level 
of the 7th interspace. The girl did not return for completion of the examina- 
tion. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes and 
peripheral calcified nodule. 
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F-28: Girl, Italian, aged 17 years. Weight 97 per cent. Tuberculin reaction, 
+++ to0.01 mgm. X-Ray Examination: There was a nodule with irregular 
outline in the right lung-field at the 6th interspace; in the oblique exposure, 


TABLE 14 
Tuberculin tests made upon children of School G 
White 


BOYS GIRLS TOTAL 


Number | Per cent | Number | Number | Per cent | Number | Number | Per cent 
positive | positive | tested | positive | positive | tested | positive | positive 


13 to 14 13: 81.2 34 28 82.4 50 41 82.0 
15 to 19 160 86.5 | 120 98 81.7 | 305 258 84.5 
20 a 0 4 + 


359 303 


TABLE 15 
Results of X-ray examinations by age in School G 


WITH 
WITH WITH TUBERCULOSIS | WITH LATENT CLINICALLY 
PULMONARY PULMONARY OF TRACHEO- APICAL MANIFEST 
NODULE INFILTRATION BRONCHIAL TUBERCULOSIS TUBERCULOSIS 
LYMPH NODES 


NUMBER 
EXAMINED 


13 to 14 At 5 0 
15 to 19 ; 31 (7) 4 2 


| St 2§ 


*Tn four instances tuberculous pulmonary infiltration was accompanied by recognizable 
lesions of tracheobronchial lymph nodes. 

** When tracheobronchial lymph-node lesions have accompanied pulmonary infiltration, 
latent apical lesions or manifest tuberculosis they are listed under these headings and are 
here indicated in the brackets but not included in the total. 

{ In two instances latent apical tuberculosis was accompanied by recognizable lesions of 
tracheobronchial lymph nodes. 

§In one instance manifest tuberculosis was accompanied by recognizable lesion of 
tracheobronchial lymph node. 

Note: In three instances pulmonary infiltration was recognized but was considered 
nontuberculous. 


two groups of nodules were seen, one, 2.6 x 1.9 cm., at the carina, and the 
other, 2.1 x 0.5 cm., to the right of the trachea just above the right bronchus. 
No physical signs. Temperature, 98.8° at 1:30 p.m. 

Diagnosis: Latent tuberculosis of tracheobronchial lymph nodes with cal- 
cified nodules of the lung. 
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SCHOOL G (HIGH SCHOOL FOR BOYS AND GIRLS) 


The school is in a manufacturing district in the northern part of the 
city. The children are in large part of English stock and their ancestors 
have lived in this country for several generations. The school is coedu- 
cational and the pupils number 2,729. The plan of teaching is the same 
as in other high schools of the city. There is a large assembly hall used 
by all pupils during study periods but it is never crowded. The school 
building is modern and of excellent construction. 

The number of pupils whose parents gave consent to the examination 
was astonishingly small, being approximately 12 per cent of the whole. 
This small number is explained by disinclination of the pupils themselves 
to take the examination. 

Tuberculin tests of white children of the school (only three colored 
children were tested) were as shown in table 14. 

One colored boy, aged 18, and one colored girl, aged 15, reacted to 
tuberculin, whereas another colored girl, aged 16, failed to react. 

Table 15 gives a list of the lesions that were revealed by roentgenologi- 
cal examination. 

The incidence of pulmonary lesions, including manifest tuberculosis 
and latent pulmonary infiltration in the apex and elsewhere, is some- 
what greater in School G, which is coeducational, than in School E 
(High School for Boys) and somewhat less than in School F (High 
School for Girls), where, however, the number of cases of manifest pul- 
monary tuberculosis is greater than in either of the other two schools. 

There were only two children with manifest pulmonary tuberculosis 
(plate XI, G-1 and G-2). In one there was moderately advanced disease 
of the upper part of both lungs with what appeared in the X-ray film to 
be a small cavity in the right. The calcified scars of a first infection 
were seen in the films. The weight of the child was reduced 10 per cent 
and the temperature was elevated. Both the mother and father had 
received treatment for tuberculosis. In the other child the tuberculous 
lesion was situated on the left side immediately above the diaphragm 
and restricted its movement; the weight was not diminished. 

In five children (G-3 to G-7) there were apical lesions with no signifi- 
cant physical signs or symptoms. The weight was notably diminished 
in two of them. The tuberculin reaction was + to 0.01 mgm. in four 
and +++ to 0.01 mgm. in one. Two children (G-4 and G-6) had asso- 
ciated scars of a first infection with tuberculosis. 
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Seven children (G-8 to G-14) had latent tuberculous infiltration of the 
lung not situated in the apex. In four (G-9, G-10, G-13 and G-14) of 
them there was tuberculosis of tracheobronchial lymph nodes, with mas- 
sive enlargement in two, and in a fifth (G-11) tuberculous lymph nodes 
had been removed from the neck by operation one year before the ex- 
amination. In three instances there was a history of association with 
those who had tuberculosis. In three there was notable loss of body- 
weight with a tuberculin reaction of + or ++ to 0.01 mgm. 

Latent tuberculosis of tracheobronchial lymph nodes occurred in 
nineteen children. The lesions were of very large size, exceeding 2 cm. 
across in five instances (for instance, G-15). Associated nodules in the 
lung substance were found in 8 children. There was a history of contact 
with tuberculosis in only 5 children. The tuberculin reaction in all 
instances was ++ or +++ to 0.01 mgm. O.T. The weight was 
notably below normal in only one case. 

One child (G-1) with moderately advanced pulmonary tuberculosis 
should be withdrawn from school and given sanatorium care or its equiva- 
lent. For the second pupil with manifest pulmonary tuberculosis 
(G-2)who has a basal lesion involving the diaphragmatic pleura, sana- 
torium care though desirable is less urgent and might be replaced by 
careful medical oversight and special school regimen. The presence of a 
lesion at the apex (G-4 to 7) or of diffuse infiltration of the lung substance 
elsewhere (G-8 to 14) should be regarded as a grave menace. The 
children concerned should receive repeated roentgenological examinations 
and the modified school regimen recommended for children with similar 
lesions in other high schools. One pupil with enormous enlargement of 
the tracheobronchial lymph nodes (G-15) should receive the same care. 


PLATE XI 
Pulmonary Tuberculosis 


G-1: Girl, Italian, aged 17 years. Weight 90 per cent. Both father and 
mother had been treated for pulmonary tuberculosis in state sanatoria and were 
better. Tuberculin reaction, + to 0.01 mgm. X-R«zy Examination: In 
the right lung there was moderately dense linear infiltration from the apex to 
the 6th rib and a small annular shadow at the 4th interspace; in the left lung 
there was a group of four nodules at the 7th interspace and 8th rib, two 
granular masses at the hilum, one 1.6 x 1.4 cm., at the 6th interspace and the 
other, 1.3 x 1.1 cm., behind the 7th rib, and moderately dense infiltration 
of the uppermost part of the lung extending as low as the 4th interspace. 
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Movement at the right apex was restricted and resonance diminished; there 
were medium moist rales above and just below the spine of the right scapula. 
Temperature, 100.6° at 11:10 a.m. This girl stated that she had had cough 
and about 2 drachms of sputum daily for several months. The sputum was 
mucopurulent and negative for tubercle bacilli on four direct examinations. 

Diagnosis: Moderately advanced pulmonary tuberculosis of adult type with 
tuberculosis of tracheobronchial lymph nodes and nodules in the lung. 

This girl was told of her condition and her parents were notified by letter. 
She acted on advice to apply for sanatorium treatment. 


G-2: Boy, Lithuanian, aged 19 years. Weight 104 per cent. His father was 
often ill, with trouble said to be nervous although he had cough with sputum. 
Tuberculin reaction, +-+-+ to 0.01 mgm. X-Ray Examination: A fairly 
homogeneous opacity, from 2 to 4.cm. in thickness, extended over the dia- 
phragm from the heart border to the lateral chest-wall on the Jeft; in the oblique 
film this was seen to be close to the posterior chest-wall; it involved the pleura 
and strands extended into the lung substance. ‘There was restricted movement 
of the left diaphragm and feeble breath-sounds at the base of the left lung. 

Diagnosis: Pulmonary tuberculosis of the childhood type with diaphrag- 
matic pleurisy. 


Latent A pical Tuberculosis 


G-3: Girl, American, aged 14 years. Weight 75 per cent. Tuberculin reac- 
tion, +++ to 0.01 mgm. X-Ray Examination: On the right side a salient 
was revealed below the 2nd rib with scanty infiltration at the 2nd interspace. 
No physical signs. ‘Temperature, 99.8° at 10 a.m. 

Diagnosis: Latent apical tuberculosis. 


G-4: Boy, Jewish, aged 16 years. Weight 104 percent. Tuberculin reaction, 
+ to 0.01 mgm. X-Ray Examination: A nodule was seen at the base of the 
right lung and two small granular areas at the right hilum; there was scanty 
infiltration below the right 2nd rib and near the lateral chest-wall at the right 
3rd interspace. No physical signs. Temperature 98°. 

Diagnosis: Latent apical tuberculosis and latent tuberculosis of tracheo- 
bronchial lymph nodes with peripheral calcified nodule. 


G-5: Boy, Jewish, aged 16 years. Weight 86 per cent. An uncle, who had 
had fairly close contact with the boy, died of tuberculosis about one year before 
the examination. Tuberculin reaction, + to 1 mgm. X-Ray Examination: 
There was mottling at the right 2nd and 3rd interspaces. No physical signs. 
Temperature 98.4°. 

Diagnosis: Latent apical tuberculosis. 
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G-6: Girl, American, aged 17 years. Weight 102 per cent. Tuberculin 
reaction, + to 0.01 mgm. X-Ray Examination: At the left 6th interspace 
there was a peripheral nodule and a small calcified nodule within the shadow 
of the heart; at the left apex there were salients projecting into the lung-field 
below the 2nd rib, with scanty infiltration at the 2nd and 3rd interspaces. On 
physical examination slight restriction of movement and alteration in breath- 
sounds at the left apex were suspected but not definite. Temperature, 99.2° 
at 1:30 p.m. 

Diagnosis: Latent apical tuberculosis and latent tuberculosis of tracheo- 
bronchial lymph nodes with a calcified nodule of the lung. 


G-7: Girl, American, aged 17 years. Weight 90 per cent. Tuberculin reac- 
tion, + to 0.1 mgm. X-Ray Examination: Salients projected into the lung- 
field below the shadow of the 2nd rib on the right side; on the left side there 
were similar though less extensive salients. No physical signs. Temperature 
98.2°. 

Diagnosis: Latent apical tuberculosis. 


Latent Tuberculous Infiltration of the Lung 


G-8: Girl, American, aged 14 years. Weight 98 per cent. Tuberculin reac- 
tion, ++ to 0.01 mgm. X-Ray Examination: A rather scanty infiltration 
was seen at the right 3rd interspace at the lateral margin of the lung; at the 
right 4th rib and interspace there were two moderately dense oval homo- 
geneous shadows. No physical signs. Temperature 99°. 

Diagnosis: Latent tuberculous infiltration of the lung. 


G-9: Girl, American, aged 15 years. Weight 81 per cent. Tuberculin reac 
tion, ++ to 0.01 mgm. X-Ray Examination: There were 6 nodules scat- 
tered throughout the right lung and a granular mass, 2 x 1.2 cm., at the right 
5th interspace, 6th rib and 6th interspace; in the left lung, there were 9 nodules 
scattered throughout, scanty infiltration at the 6th interspace and 7th rib, 
and several granular masses occupying an area 4 x 2.1 cm. at the hilum at the 
6th and 7th ribs and interspaces; the oblique film showed a large granular mass, 
3.7 x 2.4cm., close to the right bronchus below the bifurcation of the trachea. 
No physical signs. Temperature, 98.6° at 9:45 a.m. 

Diagnosis: Latent tuberculous infiltration of the lung with tuberculosis of 
tracheobronchial lymph nodes and peripheral calcified nodules. 


G-10: Girl, German, aged 16 years. Weight 110 per cent. Tuberculin reac- 
tion, + to0.l1mgm. X-Ray Examination: There were two nodules, 1 x 1.1 cm. 
and 0.6 x 0.4 cm., behind the 5th rib and a granular mass, 0.7 x 0.7 cm., behind 
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the 6th rib; there was scanty infiltration at the right 4th and 5th interspaces 
toward the axilla with an interlobar line at the lower border of the infiltration; 
in an oblique film two small granular masses were seen close to the left side of 
the trachea. No physical signs. Temperature 98.6°. 

Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis 
of tracheobronchial lymph nodes with peripheral calcified nodules. 


G-11: Girl, American, aged 16 years. Weight 90 per cent. Two friends 
in the apartment-house where she lived had died from tuberculosis. Tuberculin 
reaction, +-+ to 0.01 mgm. X-Ray Examination: There was moderately 
dense infiltration between the 4th and 7th ribs on the right side. No physical 
signs. Temperature, 99° at 12 m. The girl stated that she felt perfectly 
well but sometimes had a dry cough. She had been delicate up to one year 
before examination when she had an operation for the removal of tuberculous 
lymph nodes from the left side of the neck. Postural scoliosis was observed 
to the left in the dorsal region. 

Diagnosis: Latent tuberculous infiltration of the lung. 


G-12: Boy, English, aged 16 years. Weight 84 per cent. His mother was 
said to have had tuberculosis as a child. Tuberculin reaction, ++ to 0.01 
mgm. X-Ray Examination: There was a scanty infiltration at the right 
7th interspace and 8th rib, consisting of a few fine and coarse strands. No 
physical signs. Temperature 99.1°. The boy said that he had sputum from 
his chest but the two specimens that he brought for examination were saliva. 

Diagnosis: Latent tuberculous infiltration of the lung. 


G-13: Girl, American, aged 17 years. Weight 75 percent. Her father died of 
tuberculosis ten years before. Tuberculin reaction, +--+ to0.0i1mgm. X-Ray 
Examination: A large nodule was seen in the right 6th interspace toward the 
axilla with some hazy strands lateral to it; there was a large granular area, 
3.5 x 2.1 cm., at the 6th rib, 7th interspace and 7th rib at the right hilum. 
No physical signs. Temperature, 98.8° at 11:20a.m. 

Diagnosis: Latent tuberculous infiltration of the lung with tuberculosis of 
tracheobronchial lymph nodes and peripheral nodule. 


G-14: Girl, American, aged 19 years. Weight 95 per cent. Tuberculin reac- 
tion, + tol mgm. X-Ray Examination: A group of nodules, 1.2 x 1 cm., 
was revealed in the right 6th interspace; also a soft nodule behind the right 
8th rib with scanty infiltration peripheral to it. No physical signs. Tempera- 
ture, 98.6° at 11 a.m. 

Diagnosis: Latent tuberculous infiltration of the lung and tuberculosis of 
tracheobronchial lymph nodes. 
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Latent Tuberculosis of Tracheobronchial Lymph Nodes 


G-15: Boy, American, aged 19 years. Weight 102 per cent. Tuberculin 
reaction, ++-+ to0.01 mgm. X-Ray Examination: A small nodule appeared 
at the left border of the heart at the 8th interspace and an enormous granular 
mass, 5.1 x 3.3 cm., in the interbronchial angle. No physical signs. Tem- 
perature 98.6°. 

Diagnosis: Latent tuberculosis of tracheobronch:al lymph nodes (massive) 
with calcified nodule of the lung. 


TUBERCULIN REACTION 


The tuberculin test provides a measure of the incidence of tuberculous 
infection, including both latent and manifest disease in school children of 
Philadelphia, and permits comparison with the dissemination of infection 
elsewhere. 

The tuberculin test has been performed by injecting successive doses of 
0.01, 0.1 and 1.0 mgm. of a sample of tuberculin of which the strength had 
been measured by intracutaneous injection into guinea pigs(1). Intable 
16 all tests are included with the purpose of determining the incidence of 
the reaction with each of the three doses. The greater number of those 
who react to tuberculin are sensitive to 0.01 mgm. Those who react to 
this dose have been subdivided in accordance with the intensity of the 
reaction, namely, one (+), two (++) and three (+++) plus. 

There is with increasing ‘age progressive increase of those who react. 
This is well seen in the three columns of the table representing varying 
grades (+, ++ and ++-++) of intensity of the reaction to 0.01 mgm. of 
tuberculin. With 0.1 mgm. the increase with age of the number of those 
who react is less conspicuous, and with 1 mgm. there is no increase. 
Reactions to the two larger doses doubtless in great part represent an 
early stage of infection and with increasing hypersensitiveness soon pass 
into the next higher group. Study of the occurrence of tuberculosis in 
families once exposed to open tuberculosis shows that the intensity of the 
reaction occasionally diminishes when exposure ceases and in some 
children with tuberculous lesions demonstrable on roentgenological 
examination skin sensitiveness has disappeared. In these school chil- 

dren some of the weaker reactions may be similarly explained. 


Comparison with Incidence of Tuberculous Infection Elsewhere 


In the collection of statistics concerning the incidence of the tuberculin 
reaction in different places widely different methods have been used. 
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Observations made of children who are attending school and are presum- 
ably healthy are not comparable with those collected in hospitals and 
dispensaries where tuberculous patients may be numerous. Further- 


TABLE 16 


Tuberculin tests on 4,107 school children of Philadelphia by ages: reactions to 0.01, 0.1 and 
1.0 mgm. of tuberculin 


3 5} O| — 0} — 0} — — 2| — — 2 
4 19} — 2| — 1) — 2| — 3) — 11 8 
5 90) 5} 5.5) 5) 5.5) 1) 1.1) 7) 7.7) 1617.7)  34/37.7 
6 144) 19]/13.2} 14) 9.7) 3) 2.41] 7) 4.8) 82/56.9| 62/43.1 
7 199} 27/13.6] 16) 8.0} 6) 3.0} 19) 9.5} 27/13.6) 104)52.3) 95)47.7 
8 278) 45)16.2; 35)12.6) 2.5) 21) 7.6) 65/23.3} 105/37.8) 173)62.2 
9 40)17.3) 33/14.3) 6) 2.6) 25)10.8] 43/18.6)  84/36.4) 147/63.5 
10 272| 54/19.9) 47/17.3) 3.3) 40)14.7| 43/15.8) 193/70.9 
11 256} 45/17.6) 12) 4.7| 38)14.8) 34/13.3}  69/26.9| 187/73.1 
12 309} 56/18.1) 60)19.4) 16) 5.2) 54]17.5) 54)17.5) 240/77.6 
13 394; 83/21.1) 83/21.1) 29) 7.4) 56/14.2) 56)14.2} 87/22.0) 307/77.9 
14 481] 127/26.4) 86)17.9} 25) 5.2) 97|20.1| 384/79.9 
15 551} 29) 5.3) 97|17.6) 72/13.1| 107|19.4) 444/80.5 
16 458] 146/31.8} 66)14.4) 30) 6.5) 84/18.3) 61/13.3) 387/84.5 
17 69/26.1) 45]17.0} 19) 7.2} 32/20.8)  44/16.7| 220)83.3 
18 113} 43/38.0) 27/23.9) 6.2} 12)10.6) 13)11.5) 11) 9.7; 102)90.2 
19 36| 13) — 3} — 5| — 4) — 3} — 8 28 
20 7 3] — — 2| — 1} — 0 7 
Total...| 4,107} 952/23.2} 650/15.8] 205) 5.0) 601/14.6} 612/14.9]1,087/26 ,020)73.5 
Results of the same tests in age-groups of five years 
3-4 244 +O} — 2 1 2 5 14 10 
5-9 942} 23) 2.4) 79) 8.4) 170|18.0) 431/45.8) 511/54.2 
10-14 | 1,712] 378/22 .0) 321)18.7) 91) 5.3} 266)15.5| 255)14.8] 401/23 |1,311/76.6 
14-19 | 1,422) 437/30.7| 90} 6.4) 252)17.7| 241/17 .0/1,181/83.0 
20 a -§ 3 0 2 1 0 7 


more, different results are obtained by different methods of performing the 
test. The intracutaneous in‘ _tion of measured quantities of tuberculin 
is much more delicate than Pirquet’s cutaneous scarification. Another 
source of error is the varying strength of tuberculin. None should be 
used that has not been standardized. 
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Since the incidence of the reaction in children of the cities of Europe 
and America increases continuously from birth until adult life the signifi- 
cance of the reaction varies with age. Often the results of observers 
who have used the same method cannot becompared readily because they 
have divided their observations into different groups by age. If figures 
representing the percentage incidence of the reaction are plotted by age, 
the curve rises continuously when the figures for each group are suffi- 
ciently large to avoid chance error; otherwise the line may be somewhat 
irregular. This irregularity is often obviated by collecting observations 
into larger age-groups or by the conventional method of smoothing the 
plotted curve. By noting the level at which the smoothed curve passes 
the line representing a given age an approximate though not exact esti- 
mate of the number who react at this age is obtainable. Figures repre- 
senting the occurrence of infection at the end of 5, 10 and 15 years of 
age offer a convenient basis for comparison. 

The well-known observations of Hamburger and Monti (6) were made 
in Vienna by testing with the intracutaneous method children convales- 
cent from diphtheria and scarlet fever in the wards of a public hospital. 
Of children five years of age approximately 51 per cent were infected, of 
children 10 years old, 72 per cent, and of children 15 years old, slightly 
more than 94 per cent. Using the scarification method of Pirquet the 
same observers obtained much smaller figures, that is, approximately 
32 per cent at 5 years, 48 per cent at 10 years and 54 per cent at 15 years. 
Similar figures have been reported from many other European clinics. 
In this country in St. Louis, Veeder and Johnston (11) tested by the 
Pirquet method 1,321 children admitted to a hospital for children. At 
5 years only 33 per cent were infected and at 10 years 43 per cent. 

Our tests show that in school children of Philadelphia at 5 years of age 
38 per cent are infected with tuberculosis; at 10 years, 71 per cent, and at 
15 years, 81 per cent. (See figure 1.) There are apparently no com- 
parable studies in other large cities of this country. Our figures for 
presumably healthy children are only slightly less than those of Hambur- 
ger and Monti, who tested hospital patients. 

In a rural district of Minnesota, Slater (12), using the Pirquet test, 
found the incidence of infection surprisingly low, being not greater than 
12 per cent at any period between 5 and 15qears of age. 

In school surveys made in Ontario (13) the intracutaneous test was 
used, but the results were not comparable with ours because only one 
injection of 0.05 mgm. of tuberculin was made. In Dundas, a town of 
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about 5,000 inhabitants, approximately 11 per cent of children were in- 
fected at the age of 5 years, 44 per cent at the age of 10 years and 61 
per cent at 15 years. The corresponding figures for a neighboring rural 
district were roughly 16, 21 and 34 per cent. Our observations indicate 
that the use of 1 mgm. of tuberculin would have considerably increased 
these figures. 


TABLE 17 
Tuberculin reaction in boys and girls 


BOYS GIRLS 


Number Number Per cent Number Number Per cent 
examined positive positive examined positive positive 


2 
11 
53 
82 

103 

146 

112 

170 

142 

153 


313 
253 
135 
70 
28 
7 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 197 
14 
15 
16 
17 
18 
19 
20 


Tuberculin reaction in boys and girls in age-groups 


3to 4 11 6 = 13 4 
5to 9 446 225 50.4 496 286 
10 to 14 815 619 76.0 897 692 
15 to 19 799 639 80.0 623 542 
7 7 — 0 0 


2,078 1,496 72.0 2,029 1,524 


In Buenos Aires Garrahan (14) has employed the intracutaneous test 
to determine the incidence of tuberculous infection in school children. 
He found that at 5 years of age 36 per cent of the children are infected, 
at 10 years, 61 per cent, and at 15 years, over 75 per cent. The inci- 
dence of infection is somewhat less than that in Philadelphia. 


AGES 
0 
4 
35 47.2 
38 46.3 
52 50.5 
96 65.7 
75 67.0 
116 68.2 
99 69.7 
122 79.7 
159 80.8 
196 80.7 
191 80.3 
184 89.8 
118 91.5 
41 95.3 
8 
0 
57.7 
77.1 
87.0 
Total..... 75.1 
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Our study of the tuberculin reaction in school children shows that the 
occurrence of infection with tuberculosis in this city is not notably less 
than that in the larger cities of Europe. The high incidence of infec- 
tion offers no support to the opinion that the diminishing death-rate 


TABLE 18 
Tuberculin reaction in white and colored children 


COLORED WHITE 


Number Number Per cent Number Number Per cent 
examined positive positive examined positive positive 


35 
7 


Tuberculin reaction in white and colored children in age-groups 


3to 4 16 7 8 3 
5to 9 496 283 446 228 
10 to 14 808 646 9. 904 664 
14 to 19 187 163 1,235 1,079 

20 0 7 7 


Total..:..| 1,507 1,099 72.9 2,600 1,921 


from tuberculosis in recent years has been accompanied by diminution 
of the number of those who acquire minor infections. 
Sex: Table 17 shows the incidence of tuberculous infection in the two 


sexes. 
When chance error is avoided by collecting the results of these tests 
into large groups it is evident that tuberculous infections are somewhat 


Hi | 

| 

3 5 2 0 -- 
4 5 8 3 
5 37 13 35.1 53 21 39.6 a 
6 63 26 41.3 81 36 44.4 Ss 
7 98 46 46.9 101 49 48.5 a 
8 148 92 62.2 130 81 62.3 Ph 
9 150 106 70.7 81 41 50.6 
10 154 108 70.1 119 85 71.4 ee 
11 158 124 78.4 98 63 64.3 Pt 
12 165 132 80.0 142 106 74.6 is 
13 182 152 83.5 213 156 73.7 a 
14 149 130 87.2 382 254 73.2 a 
15 118 100 84.7 433 345 79.7 3 
16 43 39 90.7 415 348 83.8 

17 18 16 246 204 82.9 
18 7 7 ~ 106 95 89.6 a: 
19 1 1 27 
51.1 

73.4 

82.5 

73.9 * 
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more frequent in girls than in boys of corresponding ages. Infection in 
childhood is probably acquired in very large part by contact with open 
tuberculosis in some member of the family. It is probable that girls 
still spend a larger part of their time in the house than boys and are thus 


TABLE 19 
Tuberculin reaction in Italian and Jewish children 


ITALIAN 


JEWISH 


Number 
examined 


Number 
positive 


Per cent 
positive 


Number 
examined 


Number 
positive 


Per cent 
positive 


Tuberculin reaction in Italian and Jewish children in age-groups 


3to 4 1 0 4 1 
Sto 9 48 19 201 96 
10 to 14 : 474 365 
628 517 

1 1 


1,308 980 


exposed to more intimate contact with members of their family who 
suffer with tuberculosis. 

Race and Nationality: In table 18 the incidence of the tuberculin reac- 
tion in white and that in colored children are compared. 

The incidence of infection has been greater in colored than in white 
children in each period of five years from the age of 5 to 15. It is note- 


= 
3 0 0 — 0 0 | -- 
4 1 0 a 4 1 — 
5 f 4 oo 26 9 —_ 
6 5 0 oom 36 17 _ 
7 13 8 49 18 
8 13 5 a 57 35 — 
9 10 2 — 33 17 — : 
10 15 1? — 53 40 — 
11 +1 6 55 37 
12 34 21 — 69 61 88 .4 
13 44 26 — 132 101 76.5 
14 76 53 69.7 165 126 76.4 
15 95 74 77.9 240 189 78.7 
16 78 61 78.2 211 177 83 .9 
17 36 26 — 124 103 83.1 
18 20 15 43 40 
19 10 5 10 8 
20 2 2 — | 1 — 
47.8 
77.0 
82.3 
Total... 470 320 68.1 74.9 
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worthy that the proportion of tuberculin reactions has been higher in 
School A for colored children than among the colored children in other 
schools that have been examined. ‘The possibility that the percentage of 
reactions has been increased by conditions peculiar to this school cannot 
be excluded. 

Among the white children examined there are only two groups large 
enough for analysis, namely, the Italian and Jewish. Those grouped as 
Italian have with few exceptions been born in this country of parents 
born in Italy; the Jewish children are similarly the offspring, almost all 
native-born, of parents who have emigrated from Russia or Poland. 

The percentage of those who reacted in the five-year age-groups has 
been notably less among Italian children than among all other white 
children. The percentage of reactions among Jewish children has been 
approximately the same as that among the other white children. 


THE RESULTS OF ROENTGENOLOGICAL EXAMINATION 


In seven schools 4,107 children were tested with tuberculin after consent 
had been obtained from their parents, and of these 2,126 were given roent- 
genological examination of the chest. They were in large part selected 
because they reacted to 0.01 mgm. of tuberculin and for this reason are 
not a random sample of the total number. Nevertheless, this method 
of selection, as we will show later, includes with few exceptions those 
children who have advanced tuberculous infection and excludes those 
who have so far overcome infection that the tuberculin reaction has 
diminished or disappeared. 

Table 20A, in which lesions recognized by roentgenological examination 
are grouped according to the age of the children in whom they occurred, 
shows the total number of children who had tuberculin tests, the number 
who had also roentgenological examination, and the results of X-ray 
examination supplemented by physical examination. 

It is noteworthy that table 20A gives percentage figures for X-ray 
lesions based upon the total number of children that received roent- 
genological examination. They do not accurately represent the total 
number of lesions demonstrable by this means, for roentgenological 
examination was in part limited to children who reacted to tuberculin, 
and in two elementary schools, which were surveyed first, it was not 
possible to examine by X-ray all who reacted. Study of the contagion 
of tuberculosis in families harboring open tuberculosis has shown that 
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the number of tuberculous lesions in children who fail to react to tuber- 
culin is very small. For white children between the ages of 12 and 20 
the number of tuberculin tests was approximately the same as the 


TABLE 20A 


Tuberculous lesions recognized by roentgenological examination of school children 


PULMONARY 


TESTED WITH TU- 
WITH LATENT API- 
CAL TUBERCULOSIS 
WITH MANIFEST TU- 
BERCULOSIS 
CHILDREN WITH LE- 
SIONS IN EACH AGE- 
GROUP 

CHILDREN WITH LE- 
SIONS IN EACH AGE- 


BERCULIN 


ALSO EXAMINED BY 


X-RAY 
WITH PULMONARY 


AMINED 
NODULE 

WITH TUBERCULOSIS 
OF TRACHEOBRON- 
CHIAL LYMPH NODES 
INFILTRATION 
(CHILDHOOD TYPE) 


WITH 
TOTAL NUMBER OF 


AGE OF CHILDREN Ex- 
NUMBER OF CHILDREN 
| NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
PERCENTAGE OF 


| 


SOF PRP NFP 
SO 
NP 


Percentage of lesions recognized by roentgenological examination in children grouped by ages 


CULOUS FOCI IN LUNGS 
AND LYMPH NODES IN 
LARGE PART CALCI- 
APICAL TUBERCULOSIS 
DREN WITH LESIONS 
IN EACH GROUP 


FIED 
LUNGS (CHILDHOOD 


TESTED WITH TUBER- 
EXAMINED BY X-RAY 
TYPE) 

FEST TUBERCULOSIS 


PER CENT WITH LATENT 
INFILTRATION IN 


AGE OF CHILDREN EXAM- 
NUMBER OF CHILDREN 
NUMBER OF CHILDREN 
PER CENT WITH TUBER- 
PER CENT WITH LATENT 
PER CENT WITH MANI- 
TOTAL NUMBER OF CHIL- 
PER CENT WITH LESIONS 
IN EACH AGE-GROUP 


169 
10-14 860 
15-19 1,088 


No 
Co 


roo 
on 
ooo 
Ann 


number of roentgenological examinations, so that these figures are an 
accurate index of the number of lesions that are discoverable, but the 
other percentages in the table are smaller than they should be to represent 
the number of discoverable lesions. 


8 

4 19 2 0 0 — o; — 
5 90 7 2 0 2 2 
6 144 14 1 3 4 8 
7 199 37 4 4 13 5 
8 278 63 7 9 21 5 

9 231 48 5 6 14 A 

10 272 | 101 7 16 24 8 
it 256 | 101 6 10 18 0 
12 309 | 152 | 20 13 39 | 12.6 
| 13 304 | 208 | 18 25 49 | 12.4 
14 481 | 298 | 21 37 70 | 14.6 
15 551 | 372 | 24 55 92 | 16.7 
16 458 | 368 | 29 63 102 | 22.3 
17 264 | 218 | 11 44 69 | 26.1 
18 113 | 102 8 20 34 | 30.1 
19 36 28 4 7 13 | 36.1 

20 7 7 0 0 o}; — 

4.3 54 
10.1 200 
18.6 310 | 
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More accurate figures representing the incidence of lesions demonstrable 
by roentgenological examination are obtained by limiting the enumera- 
tion to those schools in which practically all children who reacted to tu- 
berculin received roentgenological examination, namely, Schools D, E, F, 
and G. Table 20B shows these percentages. 

It is noteworthy that these figures for the ages 10 to 14 years in table 
20B are greater than those of table 20A whereas those for ages 15 to 19 
are approximately the same. 

In the early period of childhood tuberculosis has the characters of a 
first infection. Infiltration of the lung substance with cellular elements 
is usually followed by caseation and a caseous lesion promptly makes its 
appearance in the adjacent lymph nodes that are in contact with the 
bronchi and trachea. The lesions of the lymph nodes are often more 


TABLE 20B 


Corrected percentage of lesions recognized by roentgenological examination in children grouped 
by ages 


ae aa 5 ge | a8 

2 | | | Ba | | 5B | BS 
| | | ah | wk | 2 | 
g | | | | ge | ge] B | 
10-14 633 467 452 13.9 23 0.5 0.6 108 
15-19 | 1,295] 1,066] 1,060] 20.1 1.9 | 1.0 | 0.7 | 307 


conspicuous than those of the lung substance. Calcification proceeds 
gradually and even though it is recognizable in one part the disease may 
be progressive elsewhere. Calcium salts deposited in the caseous material 
render the lesions progressively more opaque to the X-ray. Small foci 
of tuberculosis are not recognizable in X-ray films unless they have under- 
gone calcification and even then the lesion may be unrecognizable in the 
plate because it is covered by an opaque organ. The recognition of 
diffuse tuberculous infiltration of the lung substance doubtless depends 
upon the extent of consolidation. Tuberculous lesions of lymph nodes 
with no calcification are recognizable only in the unusual instances in 
which there is great enlargement and massive caseation. Massive tuber- 
culosis of tracheobronchial lymph nodes with no calcification has been 
found in three young children (plate II, BC-10 and BC-11; plate VI, D-6). 
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The tuberculin reaction measures the incidence of tuberculous infection 
and roentgenological examination defines the position, extent and in 
some degree the character of those lesions produced by the infection 
that can be recognized by this method of exploration. Improvements 
in X-ray technique will doubtless further increase the number of recogniz- 
able lesions. In tables 16, 20A and 20B the incidence of the tubercu- 
lin reaction at different ages is compared with that of demonstrable 
tuberculous lesions. 

These tables show that the number of recognizable lesions lags far 
behind the number of tuberculous infections indicated by tuberculin 
tests. At the age of five years only one-twentieth of all infections are 
accompanied by definable lesions; at 10 years, approximately one-ninth; 
at 15 years, one-fourth. The table shows that this increase in the pro- 
portion of recognizable lesions is due in large part to increase of visible 
nodules in the lung substance and adjacent tracheobronchial lymph 
nodes and is doubtless referable to their progressive calcification. 

The lesions designated “nodules” are small and sharply defined, 
and are recognized in X-ray films because they are calcified. They occur 
in many children who are in good health, and continued observation of 
similar lesions in children of families exposed to open tuberculosis has 
given no evidence that they are an index of grave infection. Examina- 
tion of these lesions at autopsy, as Parrot and Ghon noted many years 
ago, shows that they are associated with tuberculous foci in the adjacent 
lymph nodes. In the children in whom “‘nodules” were found the lesions 
of tracheobronchial lymph nodes were so small or so situated that they 
cast no visible shadow on the X-ray film. 

Tuberculosis of the tracheobronchial lymph nodes is in most instances 
accompanied by a pulmonary nodule visible in the X-ray film, but some- 
times none is evident. Both pulmonary nodule and lesion of the tra- 
cheobronchial lymph nodes may be regarded as the result of infection 
with tuberculosis in a previously uninfected child. These represent 
the so called ‘‘primary complex” of some German writers. Tuberculosis 
of tracheobronchial lymph nodes so advanced that it is recognizable 
in the X-ray film in some instances has been associated with diffuse 
infiltration of the lung substance, and in other instances diffuse infiltration 
with or without physical signs has later made its appearance. In 
consequence of these associations we have regarded the lesion as signifi- 
cant though it is evident that in most cases of recognized tracheobronchial 
tuberculosis no manifest disease makes its appearance. 
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Of greater significance is “infiltration” of the lung parenchyma indi- 
cated by a soft diffuse shadow in the lung-field varying in form and den- 
sity. The lesion has been regarded as tuberculous only when it has been 
accompanied by evidence of tuberculous infection such as reaction to 
tuberculin, contact with open tuberculosis and recognizable lesion of 
adjacent tracheobronchial lymph nodes. 

Latent apical tuberculosis is found in adolescent children and seldom 
occurs before 12 years of age. The lesion, which may remain latent for 
years, not infrequently develops into clinically manifest disease and it is 
the forerunner of a large part of the tuberculosis of early adult life. 

Pulmonary tuberculosis has been designated in the table “manifest” 
to separate it from latent lesions when it has been accompanied by signifi- 
cant physical signs and symptoms. In early childhood the disease seldom 
implicates the apex of the lung but after the age of twelve years it is 
usually the adult type of pulmonary tuberculosis that occurs. However 
apical tuberculosis is occasionally found at an earlier age on the one hand 
and, on the other, the childhood type is not infrequently seen during 
adolescence. 

Diffuse tuberculous lesions involving the lung substance, designated 
in the table as latent infiltration (childhood type), latent apical tubercu- 
losis (adult type), and manifest or clinically recognizable tubercu- 
losis (including both childhood and adult types), have been regarded as 
evidence of grave infection that will in most instances undermine health 
unless preventive measures are taken. Chadwick has classified as “‘pul- 
monary tuberculosis” all lesions that are shown in X-ray films by mottling 
and “fibrosis” in the parenchyma of the lung. In the tables that follow 
it has seemed to us desirable to enumerate three groups of lesions listed 
in the order of their increasing severity. 


1: Tuberculous nodules in the lung and lesions of tracheobronchial lymph 
nodes. It has been pointed out that the separation of these two lesions 
depends entirely upon the varying ease with which they are found in X-ray 
films; pathologically, the one is with few if any exceptions accompanied by the 
other. 

2: All latent lesions in which the lung parenchyma appears to be occupied 
by tuberculous infiltration whether cellular or fibrous. These may be latent 
infiltrations not definitely localized in the apex or latent apical tuberculosis. 

3: Similar lesions when they are accompanied by symptoms or physical signs. 
This group has been listed separately as manifest tuberculosis because it must 
be promptly checked in order to restore the child to health. 
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The incidence of these three groups of lesions in the early period of 
school life, that is, from 5 to 11 years inclusive, and in the adolescent 
period after 12 years of age, will serve to define how frequently tubercu- 
lous lesions of varying severity occur in the two sexes and in the white and 
colored races. 

Tuberculous foci occur slightly more often in corresponding age-groups 
in girls than in boys but the most conspicuous difference between the two 
sexes lies in the number of infiltrating lesions that occur during adoles- 
cence. In 2.1 per cent of boys aged 12 to 20 years infiltrating lesions of 
the lungs, including both latent and clinically manifest, have been found, 
whereas the percentage in girls of the same age has been 3.4. In girls 


TABLE 21 
Tuberculous lesions found n boys and girls 
NumBeR oF |7UPERCOMOUS! LATENT 
NUMBER OF NUMBER OF CHILDREN LUNGS AND INFILTRA- LATENT MANIFEST 
CHILDREN GIVEN N TION APICAL 
|EXAMINATION CALCIFIED TYPE) 
Boys 
years ber cent per cent per cent per cent 
4 to 11 670 394 148 4.9 0.7 00 0.4 
12 to 20 1,405 1,100 919 14.4 | 0.6 0.4 
Girls 
4 to 11 819 505 225 5.7 0.6 0.1 0.2 
12 to 20 1,208 1,019 834 16.3 1.4 0.9 1.0 


manifest tuberculosis has been found more than twice as often (1 per cent) 
as in boys (0.4 per cent). Furthermore, comparison of the lesions de- 
picted in the diagrams (compare plates VII and IX) will show that the 
extent of these infiltrating lesions in girls is usually much greater than in 
boys. 

The tuberculin reaction has shown that the incidence of tuberculous 
infection in school children of Philadelphia is somewhat higher in girls 
than in boys (see table 17), occurring between the ages of 10 up to 15 in 
approximately 77.1 per cent of the girls and in 76 per cent of the boys. 
Under and over these ages the preponderance of infection in boys is 
greater. Nevertheless advanced infection in adolescent girls is much 
more frequent than in boys. 


| 


Table 22 shows the incidence of recognizable lesions, grouped in 
reference to their severity in white and colored children. 

Since the number of white children aged from 12 to 20 years who 
received roentgenological examination was approximately the same 
as the number who reacted to tuberculin the percentage of discoverable 
lesions is approximately accurate. Unfortunately, however, only one- 
third of the colored children who reacted to tuberculin received roentgen- 
ological examination. As the latter were not selected it may be assumed 
that the total number of those with demonstrable lesions would be pro- 
portional to those actually examined. On this basis the percentage of 
tuberculous foci in lungs and lymph nodes of latent infiltration of the 
lungs (childhood type) and of latent apical lesions would be slightly less 
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TABLE 22 
Tuberculous lesions in white and colored children 


AGE-GROUPS 


NOMBER OF | NuMBER OF 


CHILDREN 


| NUMBER OF ere LATENT 
TESTED WITH ROENTGENO- INLUNGS | TUBERCU- 
TUBERCULIN LOGICAL LosIS 
CALCIFIED 


White 


years 


4 to 11 
12 to 20 


671 
1,929 


per cent per cent per cent per cent 
378 230 8.0 0.7 0.1 0 
1,542 1,544 18.7 1.4 0.9 0.6 


Colored 


4 to 11 
12 to 20 


819 
683 


520 143 3. 
577 209 5 


0.6 0.0 0.6 
0.4 0.3 0.9 


in colored (15.7, 1.4 and 0.9 per cent respectively) than in white children, 
whereas incidence of manifest tuberculosis (2.4 per cent) would be four 
times that of adolescent white children. 

It is desirable to learn whether there is any close correlation between 
the intensity of the tuberculin reaction and the position and extent of 
infection indicated by roentgenological examination. Our observations 
are not well adapted to define this relation because X-ray examination 
was in some schools limited to children who reacted to tuberculin and in 
some instances to those who reacted to 0.01 mgm. of tuberculin. Table 23 
gives the percentages of different types of lesions found in association 
with each grade of intensity of the tuberculin reaction. 
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Table 23 shows that the percentage of lesions recognizable by roent- 
genological examination is much greater in those who react to 0.01 mgm. 
of tuberculin than in those who do not. All of those in whom manifest 
tuberculosis was discovered reacted to 0.01 mgm. It alsoappears that a 
large part of those who have infiltration of the lung parenchyma or 
clinically manifest tuberculosis exhibit an intense reaction (+++) to 
0.01 mgm. of tuberculin. 

It is evident that the number of times the tuberculin reactian is asso- 
ciated with grave infection increases with the intensity of the reaction. 


TABLE 23 


The relationship between the intensity of the tuberculin reaction and tuberculous lesions recog- 
nizable by roenigenological examination 


TUBERCU- 
LOSIS OF 


NODULES INFILTRA- LATENT 


IN LUNGS ones TIONS OF APICAL 
LUNGS 


LYMPH NODES 


MANIFEST 
TUBERCU- 
LOSIS 


TUBERCULIN REACTION 


Number 


| Per cent 


+++ to 0.01 mgm. 169 
++ to 0.01 mgm. 505 

+ to 0 01 mgm. 647 

+ to 0.1 mgm. 405 

+ to 1.0 mgm. 318 
Negative to 1.0 mgm. 82 


2,126 


co CO 

or 


Nevertheless many children who have intense reactions never develop 
grave infection. 


CONTAGION IN SCHOOLS 


The study of families has shown that contact with open tuberculosis 
within the household often causes advanced infection, which in a con- 
siderable proportion of instances develops into evident disease. It is 
possible that similar spread of infection occurs in schools, for here is the 
child’s chief opportunity for intimate, regularly recurrent contact with 
others outside of his home. 

Comparison of the schools in which the tuberculin test has been given 
shows that the incidence of tuberculous infection was so much greater 
in one elementary school than in the others that spread of the disease 
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within its walls may be suspected. School A for colored children was 
much overcrowded and conducted at the time of the examination in an 
old building poorly adapted to its purpose. The Schools B and C, which 
together contained all the school grades represented in each of the other 
two, and the School D occupied large modern buildings, which were not 
crowded. The percentages of reactions to tuberculin in the three schools 
were as follows: 


SCHOOL A SCHOOL BC SCHOOL D 

years per cent per cent per cent 
Sto 9 61.8 | 43.6 
10 to 14 84.3 74.5 63.2 
15 to 17 91.7 86.7 aA 


Since School A contained only colored children it is possible that the 
high incidence of tuberculin reactions might be referable to race. We 
therefore compared the incidence of infection among these children with 
that among the colored pupils of the other schools, combining colored 
children of School D with the few who attended Schools B and C. 


SCHOOLS B, C AND D 


SCHOOL A 


Number tested Per cent positive 


Number tested Per cent positive 


years 


Sto 9 372 61.8 124 42.7 
10 to 14 623 84.3 184 64.1 
15 to 17 97 78 


1,092 


There are still other factors apart from spread within the schools 
to which this difference might be ascribed. It is noteworthy, however, 
that the death-rate from tuberculosis in 1925 was not greater in the dis- 
trict surrounding School A than in those about the schools B, C and D ‘ 
(16). 

Moreover the high incidence of tuberculin reactions in certain classes 
of School A and the occurrence in these classes of an unusually large 
number of advanced tuberculous lesions recognizable by X-ray examina- 
tion support the suggestion that tuberculosis had spread in the school. 
Furthermore it has been shown that the school contained children with 
such advanced tuberculosis that they may have scattered tubercle 
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bacilli at the time of our survey. We obtained no evidence that children 
or teachers with open tuberculosis had been a source of contagion. We 
found no instance in which tubercle bacilli were demonstrable in the 
sputum by the usual method of staining smears. In one child with ad- 
vanced tuberculosis in School D tubercle bacilli were recovered from the 
sputum by inoculation into a guinea pig, but there was no evidence that 
this child had infected his classmates. 

In high schools pupils are not grouped in classes. In the following 
table the incidence of infection (tuberculin reactions) in Schools E for 
boys and F for girls is compared with the incidence of infection in boys 
and girls of School G. 


SCHOOL E (HIGH SCHOOL FOR BOYS) SCHOOL F (HIGH SCHOOL FOR GIRLS) 


Number tested Per cent positive Number tested | Per cent positive 


years 
12 to 14 188 68.6 108 88 .9 
15 to 19 500 75.8 389 89.9 


SCHOOL G (COEDUCATIONAL HIGH SCHOOL) 


Boys Girls 


Number tested Per cent positive Number tested Per cent positive 


12 to 14 13 81.2 34 82.4 
15 to 19 160 86.5 98 81.7 


It may be noted that in Schools E and F, in which boys and girls 
are taught separately, the incidence of tuberculin reactions is greater 
in girls than in boys, whereas in School G, which is coeducational, it 
is approximately the same in the two sexes. This evidence is, however, 
insufficient support for the opinion that infection has been transmitted 
within the school. 


CONCLUSIONS 


Tuberculin tests of school children of Philadelphia show that 37.7 per 
cent are infected with tuberculosis at the age of 5 years and 90.2 per cent 
at the age of 18 years. These figures indicate that there has been no 
significant diminution of the incidence of tuberculous infection during 
childhood to correspond with the diminution of mortality from tubercu- 
losis in recent years. 

The intracutaneous tuberculin test is the only accurate method of 
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determining the incidence of tuberculous infection in apparently healthy 
children. Accurate information concerning the frequency of infection 
at different ages in children of different localities, preferably repeated 
at periodic intervals, would give valuable information concerning the epi- 
demiology of tuberculous infection. 

American-born children of Italian parentage have shown a low inci- 
dence of tuberculous infection as indicated by the tuberculin test. In 
Jewish children the incidence of the positive reaction has been approxi- 
mately the same as that of other children. 

Pulmonary tuberculosis recognized by roentgenological examination in 
association with symptoms and physical signs is found in 0.5 per cent of 
children attending school, being more frequent in high-school children 
than in children of elementary schools. Sanatorium treatment or its 
equivalent offers to these children the best chance of recovery from the 
disease. 

Latent apical tuberculosis recognizable in roentgenological films is 
often the precursor of the adult type of pulmonary tuberculosis. It is 
found in 1 per cent of adolescent children (of high-school age) and is 
more frequent in girls than in boys. Children with this lesion should be 
under continuous observation and should pursue a modified high-school 
regimen directed to prevent further progress of the lesion. 

Latent tuberculous infiltration of the lung of childhood type was 
found in more than 1 per cent of the children. This lesion may be the 
precursor of grave disease. Children who have it should be kept under 
observation and should receive special care until it is evident that the 
lesion is no longer progressive. 

Latent tuberculous foci in lungs and tracheobronchial lymph nodes 
are found in more than 10 per cent of the school children. It may be the 
precursor of pulmonary tuberculosis. It varies from massive caseous 
lesions of serious import to firmly calcified foci, which are evidently 
healed. Its significance is determined by the size of the lesion, the 
activity of tuberculin reaction, continued exposure to open tuberculosis, 
associated changes in the lung substance and the age of the child. 

Pulmonary tuberculosis recognized by roentgenological examination 
together with symptoms and physical signs is found more than twice 
as often in adolescent girls as in boys of the same age. Our figures indi- 
cate that it is approximately four times as frequent in colored as in white 
children of high-school age. 

The evidence we have obtained suggests that tuberculous infection may 
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spread within schools but under the existing system of medical school 
inspection this seldom occurs. 
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OPEN-AIR SCHOOLS FOR THE TREATMENT OF TUBER- 
CULOUS CHILDREN!” 


H. W. HETHERINGTON 


The present study was undertaken to determine what children are 
suitable for prophylactic care in the open-air schools for the prevention 
of tuberculosis now established in most of the large cities in this country. 
Those authors who have contributed to the literature on this subject 
believe that such schools benefit children who are in poor health due, 
presumably, to tuberculosis. Do the methods used in selecting children 
for these schools admit those who have tuberculous infection that 
threatens to impair health while excluding those who do not need this 
care? The open-air schools utilize methods of established value in the 
treatment of tuberculosis, but nothing toward the control of this disease 
is accomplished by applying these methods to children who are in no 
way threatened with it. The question proposed is equally applicable 
to children heretofore deemed suitable for “preventoria” and for country 
camps designed to control the development of tuberculosis in children. 


HISTORY OF THE OPEN-AIR SCHOOL MOVEMENT 


The first open-air school was established at Charlottenburg, a suburb 
of Berlin, in 1904. Wooden buildings suitable for the accommodation of 
about 120 pupils were erected in a large pine forest on the outskirts of the 
town. Two of the buildings, containing five class rooms used for instruc- 
tion in very cold or unpleasant weather, were closed in on all sides and 
provided with heating arrangements. Two other buildings were open 
on all sides and another was open on the south side only. These were 
used in pleasant weather. They were furnished with tables and benches 
and reclining chairs so that meals and rest could be taken out-of-doors. 
There were other smaller buildings for shower-baths, mineral-baths, 
kitchen and cloak-rooms. 

The children attended school from eight o’clock in the morning until 


1 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. Aided by a grant from the Metropolitan Life Insurance Company of New York. 
2 See HETHERINGTON, ef al.; A survey to determine the prevalence of tuberculous infection 
in school children, Amer. Rev. Tuberc., 1929, xx, 421. 
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seven o’clock at night. During this time breakfast, dinner, supper and 
extra food in the middle of the morning and in the middle of the afternoon 
were given. After dinner the children rested or slept for two hours. 
Formal teaching was restricted to two hours in the morning and about an 
hour in the afternoon. Classes consisted of 20 to 25 pupils and especially 
competent teachers were in charge so that the children were able to keep 
up with their regular grades. During their free time they were allowed 
to read or play, but violent exercise was forbidden. All the children had 
three warm shower-baths each week, and warm tub-baths and mineral- 
baths were given to those children for whom they were thought advan- 
tageous. 

One hundred and seven children who attended the first school session 
showed the following conditions on admission: scrofulous diseases 38, 
anaemia 34, pulmonary diseases 21 and heart diseases 14. Forty- 
eight of these children were reported improved and twenty-five cured at 
the end of three months (1). 

Following publication of the first reports from Charlottenburg, open- 
air schools of the same type were established by many other cities in 
Germany. In 1907 the first open-air school in England was established 
by the London County Council at Bostall Wood, Plumstead. The 
children attended from 9 a.m. until 6 p.m. and were given three meals 
with midafternoon nourishment of biscuits or fruit. Three and three- 
quarters hour a day were devoted to school work and the rest to eating, 
sleeping, games, play and wandering about in the woods. 

The type of child thought suitable for open-air treatment was the same 
in England asin Germany. Of 39 children who attended the first session 
of the open-air school at Bradford in 1908, two suffered from phthisis, 
one had tuberculous peritonitis and two had scars of tuberculous adenitis. 
The remaining children suffered from anaemia, adenoids, rickets, enlarged 
submaxillary lymph nodes, bronchitis, blepharitis, keratitis and eczema. 
Crowley (2) gave eight types of children for whom open-air schools were 
thought advisable, including those who were delicate, nervous, anaemic, 
rachitic or choreic, those with diseases of the lungs, such as bronchitis, 
with heart disease, with blepharitis or otorrhoea, and those who had or 
were suspected of having incipient phthisis. 

The first open-air school in the United States was opened in Providence, 
Rhode Island, in 1908. It differed considerably from those that have 
been described. A class-room in a centrally located abandoned school- 
building was remodelled by removing its southern wall and substituting 
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large windows hinged at the top and arranged with pulleys so that the 
lower edge could be raised to the ceiling. These windows were kept open 
almost constantly. There were a heating stove and a cooking stove in 
the room and the heat from these kept the children, who also were supplied 
with suitable clothing, from becoming cold. School began at 9 a.m. and 
was dismissed at 2.30 p.m. There was no attempt at full feeding but 
nourishment was given at 10.30 a.m. and a hot lunch at noon. The 
children were taught cleanliness and hygienic habits. In spite of the 
absence of most of the features that distinguished the Charlottenburg 
School the children in Providence were reported to show benefit by 
gain in weight and increase in the haemoglobin content of the blood. 
Practically all the pupils were selected for admission by the visiting 
nurse of the local League for the Suppression of Tuberculosis. In 
1908-1909, twenty-eight children were enrolled. They were classified 
as follows: bone cases 4, lymph-node cases 4, chest cases 19, non- 
tuberculous 1 (1). 

In Boston an out-door school was established for tuberculous children 
in 1908 under the auspices of the Boston Association for the Relief and 
Control of Tuberculosis. All the children had originally shown distinct 
physical signs in the lungs but no advanced or even moderately advanced, 
open cases were admitted (3). At first this school was conducted in a 
park but later it was moved to the roof of a large building. In New 
York the first open-air school originated in the outdoor camp for tuber- 
culous patients maintained by the Bellevue Hospital on the ferry-boat 
Southfield. In Chicago, through the codperation of the Board of Educa- 
tion and the Chicago Tuberculosis Institute, an open-air school was 
started in 1909. 

Other cities quickly followed the lead of these and in 1916 it was 
estimated that there were 1,000 such schools in the United States (4). 
In 1926 the national file of open-air schools maintained at the office of 
the Elizabeth McCormick Memorial Fund showed 245 cities in 38 states 
having a total of 1,006 open-air schools and open-window rooms with a 
capacity of 32,024 (5). The majority were open-window schools similar 
to the one at Providence rather than to the forest schools of Germany. 
An important difference was the type of child accepted for treatment. 
In Germany and England, children in poor health from any cause were 
considered suitable for open-air school. In America open-air schools 
were designed for tuberculous children or children in contact with 
tuberculosis, and were originated and largely supported by societies for 
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the prevention of this disease. Treatment is much the same in all 
schools and consists in measures that have proven useful in combating 
tuberculosis. 


SPECIAL FEATURES OF OPEN-AIR SCHOOLS 


The first of these measures is exposure to fresh air. The importance of 
climate and fresh air in the treatment of tuberculosis has, however, been 
greatly exaggerated. Their value consists mainly in luring the patient 
to a place where he will take the necessary rest. A recent investigation 
into the effects of different types of ventilation on the health of Syracuse 
school children has been reported by Duffield (6). The occurrence of 
respiratory disease was much higher in artificially ventilated schools than 
in those naturally ventilated. Lewis (7) suggests that the less favorable 
results with mechanical ventilation are due to greater evaporation and 
the consequent chilling by the large quantity of dry heated air that 
passes through the room. Perhaps drying of the mucous membranes 
may be a factor in producing respiratory disease. It is probable that 
ventilation by the open-window gravity method should be used in all 
schools and that lower average temperatures should be maintained, but 
it is doubtful whether anything further is gained by wide-open windows 
with little or no heat in winter weather. 

A second feature of open-air schools is rest-periods lasting from one to 
two hours, during which the pupils lie quietly upon beds or reclining 
chairs. Midmorning and midafternoon nourishment with a hot lunch 
at noon usually complete the ordinary treatment. In some schools 
heliotherapy plays an important part, or hot or cold baths are considered 
of value apart from cleanliness. Others lack both these features. 
Instruction in cleanliness and proper health habits is of great importance 
and an attempt is made to secure the codperation of the parents through 
home-visiting by a school-nurse. Medical supervision and eradication 
of physical defects are also of great importance. 


OPEN-AIR SCHOOLS FOR TUBERCULOUS CHILDREN IN PHILADELPHIA 


Three special schools for the instruction of children with tuberculosis 
have been established in Philadelphia. They afford the opportunity of 
placing children suspected of tuberculosis under favorable conditions and 
of watching the progress of their disease. ‘These schools were planned to 
receive children with tuberculous infection unaccompanied by symptoms 
indicating advanced disease. The attempt has been made to find school 
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children with pulmonary tuberculosis unaccompanied by distinctive 
symptoms or physical signs. Children thought to be suffering from 
latent tuberculosis have been admitted on recommendation of hospital 
and city dispensaries, school medical examiners and private physicians. 
Cases of open pulmonary tuberculosis have not been admitted because 
they are considered a menace to the other children and because sana- 
torium care is thought advisable for them. 

The Girard School is an old building in which two class-rooms have been 
remodelled with large windows similar to the Providence school. The 
second story is one large room used as kitchen, dining room and rest-room. 
In suitable weather, reclining chairs may be taken out-of-doors for the 
rest period. The Wharton School contains three class-rooms. Three 
other rooms are utilized as kitchen, dining room and rest-room. This is 
also an old building, unaltered, where the windows are kept open con- 
stantly. In the Boudinot School the special classes occupy the third 
floor, where there are two class-rooms, a rest-room and a combined 
kitchen and dining room. The tuberculosis classes have separate 
entrances, cloak-rooms and lavatories. As in the other schools the 
windows are kept open constantly. 

Classes assemble at 9 a.m. and have lessons until 10, when cereal and 
milk are given. From 10:10 until 10:25 the children play in the school 
yard. Between 10:25 and noon each class has a rest-period of about 
one hour and the rest of the time is devoted to study. At noon the 
children are given a hot lunch of vegetables, milk and dessert, and, twice 
a week, meat in addition. They are allowed to play until 12:45 when 
again there is a rest-hour followed by lessons. Afternoon nourishment 
of cocoa and biscuits is given at 2 p.m. and at 2:30 the classes are dis- 
missed. The meals average about 1800 calories perday. Programs 
vary slightly in the different schools and for individual classes. A 
school-nurse keeps temperature and weight records, instructs the children 
in hygiene and visits their homes. The parents are required to pay 10 
cents a day, if they are able, but free transportation is supplied. 

The benefits to be derived from attendance at these schools are neces- 
sarily limited. Pupils attend only for five and one-half hours each day, 
about two hundred days a year, and there is no supervision outside the 
school. Without codperation at home in the way of restricted exercise, 
proper sleep, nourishing food and limitation of contact where open 
tuberculosis exists in the family, little can be accomplished by this regimen. 
Moreover some teachers and parents believe that the children do not 
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advance so rapidly in their studies as children in the regular grades, 
chiefly because they have not the same amount of time for study and 
are not permitted to do homework. In many instances they must ride 
long distances on street-cars to reach the school. Since the special 
classes may in these respects be detrimental to some children, they should 
not be recommended indiscriminately. 


RESULTS OF EXAMINATION OF THE CHILDREN IN THE OPEN-AIR SCHOOLS OF 
PHILADELPHIA 


In 1927 we gave tuberculin tests and X-ray examinations of the chest, 
supplemented by physical examinations, to the pupils then in the open- 
air schools of Philadelphia. Tuberculin tests were made by the injec- 
tion of 0.01 mgm. of Old Tuberculin into the dermis. If the reaction 
was negative at the end of 48 hours, a second injection of 0.1 mgm. was 
made; if the reaction was again negative after 48 hours a third injection 
of 1 mgm. was made. The X-ray examination consisted of postero- 
anterior stereoscopic films of the chest and films taken in the oblique 
position described by Pritchard'(8). The roentgenographs were inter- 
preted by Dr. E. L. Opie, Dr. F. M. McPhedran and the writer. 
If the films were unsatisfactory or if a lesion was suspected but not 
clearly demonstrated, the examination was repeated. Films in which 
lesions were suspected but not definite were considered negative if re-take 
films failed to confirm the suspected lesion. The children’s weights were 
considered as a percentage of the normal for height and age, using the 
tables of Baldwin and Wood (9). 

Children referred to the special classes were presumably either tubercu- 
lous or threatened with tuberculosis. Other public-school classes are 
designed for the care of undernourished and debilitated children and for 
crippled children and those with cardiac disease. Our examination was 
made to determine to what extent the ordinary methods of history taking 
and physical examination are capable of selecting tuberculous children 
suitable for the kind of care under consideration. By the use of the 
tuberculin tests and roentgenological examinations in addition to 
sputum and physical examinations we were able to determine when 
tuberculous infection existed and the severity of the infection. Whena 
child was considered unsuitable for open-air tuberculosis class it did not 
mean that the child was normal and might not need special care, but it 
did mean that ill health referable to tuberculosis or tuberculous infection 
dangerous to health was not found. 
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The results of the examination of the children who had been admitted to 
the three schools by the procedures heretofore in use are given below. 
Thirty-one children could not be examined because their parents refused 
to permit tuberculin tests and roentgenological examination, even though 
they had been assigned to the class to obtain special treatment for tuber- 
culosis. 

One hundred and eleven children are included in the table. They are 
divided into four groups. 


(1) Children who failed to react to 1 mgm. of tuberculin 


(c) With nontuberculous lesions, diseased tonsils, 


* One of these children had calcification of a tracheobronchial lymph node. 


(2) Children with positive reaction to tuberculin 


(a) Apparently normal; weakly positive tuberculin reaction..............-.0+0++ 3 
(b) Apparently normal; moderately strong 16* 
(c) Apparently normal; strongly positive 2 


(e) With nontuberculous pulmonary 


* Three of these children had a history of contact with open tuberculosis and two had 


tuberculous nodules in the lung. 
+ Two had a history of contact with open tuberculosis and three had tuberculous nodules 


in the lung. 


(3) Children with roentgenologically demonstrable latent tuberculosis 


* One child had a nontuberculous infiltration of the lung. 


(4) Children with clinically manifest tuberculosis 


Of 111 children assigned to the classes for the control of tuberculosis, 
only eight had clinically recognizable tuberculosis and only eighteen had 
latent disease recognized by the tuberculin test and roentgenological 


a 
‘Tot 15 
(a) Of 5 4 
1 
1 
‘Tot 
a 


518 H. W. HETHERINGTON 


examination. In five children tuberculous nodules of the lung were 
seen, and in forty-seven others a reaction to tuberculin was the only 
evidence of tuberculous infection, although five of these gave a history of 
past or present contact with open tuberculosis. Thirty-three children 
showed no evidence of present tuberculous infection but one had healed 
tuberculosis of a tracheobronchial lymph node. In eighty-five (76.5 
per cent) of the children no evidence of the necessity of special protection 
against tuberculosis was obtained. 

These results point emphatically to the conclusion that the usual 
methods of physical examination do not select children with advanced 
latent infection bordering upon clinical disease. It will be shown that 
the tuberculin test and adequate roentgenological examination are essen- 
tial to this purpose. 


TYPES OF TUBERCULOSIS IN CHILDHOOD SUITABLE FOR TREATMENT IN 
SANATORIUM AND IN PREVENTORIUM OR OPEN-AIR SCHOOL 


Tuberculous infection may be so far advanced that its presence consti- 
tutes an immediate danger to the life of the child. Children with such 
advanced infection should not be sent to open-air schools but should be 
put in institutions for the treatment of tuberculosis under the most 
favorable conditions possible. For the following types of tuberculous 
infection we consider sanatorium care or its equivalent necessary: 


(1) Pulmonary tuberculosis with symptoms or physical signs of activity. 

(2) Nonpulmonary tuberculosis with symptoms or physical signs of activity. 
(3) Latent apical tuberculosis, or latent tuberculous infiltration elsewhere in 
the lung, that has the appearance of recent activity or can be shown to be 
progressive by roentgenological examination. 

(4) Tuberculosis of tracheobronchial lymph nodes, the roentgenological 
demonstration of which is dependent on massive enlargement and not on 
calcium deposition. 


With infection less advanced than the above, or inactive disease, 
prophylactic care and supervision of health by repeated examinations 
are desirable. We consider care in preventorium or open-air school 
suitable for the following types of infection: 


(1) Inactive manifest pulmonary tuberculosis. Any symptoms that are 
present are trivial, and the sputum, if there is any, must be negative on 
repeated direct examinations and on guinea-pig inoculation. The majority 
of such lesions are found in children who have been treated in sanatoria. Also 
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if a child with active pulmonary tuberculosis cannot obtain immediate admis- 
sion to a sanatorium and his home conditions are such that it would be unde- 
sirable to exclude him from school, admission to open-air class is desirable 
provided that sputum, if present, is negative for tubercle bacilli. 

(2) Latent apical tuberculosis, or latent tuberculous infiltration elsewhere in 
the lung, provided the lesion has no appearance of recent activity and is not 
progressing. 

(3) Nonpulmonary tuberculosis that cannot be shown to be progressing. 

(4) Pleural thickening thought to be tuberculous, in some cases the result of 
pleural effusion. 

(5) Roentgenologically demonstrable tuberculosis of tracheobronchial lymph 
nodes, partly calcified. In many instances recognizable tuberculosis of these 
nodes requires no special care but under the following conditions it suggests 
the probability of grave infection: (1) when the child is still in contact with open 
tuberculosis; (2) when the reaction to tuberculin is unusually intense (+++ 
to 0.01 mgm.); (3) when the evident lesions are very numerous or unusually 
large; (4) when the lesions are associated with evidence of impaired health, 
perhaps not referable to tuberculosis, including extreme underweight (for 
instance, 15 per cent). Tuberculosis of tracheobronchial lymph nodes is 
often accompanied by infiltration of the lung parenchyma and should then be 
classified with the latter lesion. 


The foregoing groups will not include all of the children who will 
develop tuberculosis, but the study of children in families exposed to 
open tuberculosis has indicated that these groups are particularly 
liable to develop manifest disease. 

The following types of tuberculous infection are not considered suffi- 
ciently grave to warrant special care: 


(1) Infection demonstrated by a positive tuberculin reaction without demon- 
strable anatomical lesion, even though there is contact with open tuberculosis. 
Repeated examinations are desirable for these children. 

(2) Tuberculous nodules in the lung substance. 

(3) Roentgenologically demonstrable tuberculosis of tracheobronchial lymph 
nodes, partly calcified, except under the conditions that have been described. 
The sharply defined and opaque lesions are likely to be healed or healing. 


RECOMMENDATIONS BASED UPON THE EXAMINATION OF THE CHILDREN IN 
THE OPEN-AIR SCHOOLS OF PHILADELPHIA 


Our study described above has indicated that the usual methods are not 
adequate for the selection of the children who should be sent to open- 
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air schools. Following the examinations of the children in the three 
Philadelphia schools we recommended, in 49 instances, that the child be 
discharged from the class. Thirty-three of these were tuberculin-nega- 
tive children; the remaining sixteen were those who reacted to tuberculin 
but were apparently normal on roentgenological and physical examina- 
tion. An additional sixteen were recommended for discharge if the 
classes became overcrowded. These were children who had a positive 
tuberculin reaction and were underweight but in whom roentgenological 
examination was negative. They were not considered suitable for 
admission to the classes but were retained because there were at the time 
no applicants for their places. 

During three years an increasing number of children who fulfilled the 
conditions outlined above have been admitted to the open-air tuber- 
culosis classes. At the most recent examination 96 children in attend- 
ance were divided as follows: pulmonary tuberculosis 12, latent apical 
tuberculosis 3, latent tuberculous infiltration of the lung 8, extrapul- 
monary tuberculosis 1, tuberculosis of tracheobronchial lymph nodes 
37, positive tuberculin reaction 26 (8 with nontuberculous pulmonary 
infiltrations, 5 with present or recent contact with open tuberculosis, 
3 with remote contact with open tuberculosis, 6 more than 10 per cent 
underweight, 4 apparently normal), negative to tuberculin 9. 

The proportion in these classes of children who need protection against 
tuberculosis is gradually increasing with the elimination of those who 
show no evidence of advanced infection. At the present time about 
two-thirds of the pupils exhibit manifest or latent tuberculosis. 

The children now in the classes have physical examinations every six 
months and tuberculin tests and roentgenological examination at least 
once a year. The nurse weighs them and takes their temperatures each 
week and any symptoms noted by her are the subject of special investi- 
gation. With careful supervision the earliest indications of progressive 
disease will lead to treatment in a sanatorium. Of forty-two children 
more than 5 per cent underweight who remained in the classes more than 
one year, eleven made gains of 1 to 5 per cent and ten made gains of over 
5 per cent. 

During the past two years only one child has developed progressive 
tuberculosis. This was a colored boy, 14 years of age, who was 8 per cent 
underweight when examined in December, 1926. Physical and roent- 
genological examinations of the chest were negative. In May 1927 he 
was reéxamined. He was 14 per cent underweight and his temperature 
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was 99.4°. Physical and roentgenological examinations of the chest 
were negative. He had carious teeth, enlarged tonsils and swollen 
submaxillary lymph nodes. The boy’s home conditions were very poor 
and the mother would not consent to the correction of these physical 
defects although the nurse made repeated attempts to gain her permission. 
In November 1927 the boy was examined again. He was 22 per cent 
underweight and his temperature was 100.3°. He said that he was not 
sick and had no complaints. He had crackling rales at the right apex 
but these disappeared after cough and the lungs were apparently normal 
on roentgenological examination. In March 1928 he was taken to a 
hospital by the nurse. Here he complained of abdominal pain. Laparot- 
omy confirmed a diagnosis of intestinal tuberculosis. He died of 
generalized tuberculosis in November 1928. Very little could bedonefor 
this child on account of the resentment of his mother at what she con- 
sidered unwarranted interference in her affairs. 


PHYSICAL EXAMINATION AS A METHOD OF SELECTING TUBERCULOUS 
CHILDREN FOR OPEN-AIR SCHOOLS 


A diagnosis of tuberculosis based upon symptoms and physical signs, 
especially upon malnutrition regarded as a symptom, is responsible for 
the admission to the schools of a large number of children in whom no 
tuberculous lesion can be demonstrated. 

The belief is widespread that an intimate relationship exists between 
tuberculosis and malnutrition. Hoxie (10), writing of the open-air 
schools in Kansas City, says, “We feel justified in making a tentative 
diagnosis of tuberculosis in the case of children who come in with fever, 
with evidence of fatigue, with loss of weight or failure to gain weight and 
who show either an enlargement of the glands of the neck or mediastinum 
or an enlargement of the glands of the abdomen, especially of the mesen- 
tery.” In describing the open-air school at Leiden, Holland, Horst 
(11) writes, “The school is destined for children who are not definitely 
ill, but sickly with loss of appetite, weakness, listlessness, insufficient 
weight, now and then slight fever, enlargement of bronchial and (or) 
other glands, anaemia, etc. The result of the von Pirquet test must be 
positive as a proof that tuberculous infection probably is at the bottom 
of the trouble.” Burke (12) refers to the “pretuberculous” child as one 
who is persistently more than 10 per cent underweight, pale, nervous and 
_ subject to frequent illness. 

In these instances a diagnosis of latent tuberculosis has been based 
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upon the clinical picture of malnutrition, namely underweight, fatigue 
and variable temperature, sometimes with lymph-node enlargement in 
addition. Palpable cervical lymph nodes however are common in 
children whether they react to tuberculin or not, while physical signs in 
determining enlargement of the tracheobronchial glands are rarely of 
value. 

Reisman (13), from an examination of a group of children who were 
tuberculosis contacts, an undernourished group, and a control group, 
drew the conclusions that latent juvenile tuberculosis was not an impor- 
tant cause of malnutrition and that there was not a greater incidence of 
tuberculosis among the undernourished. In an analysis of examinations 
of school children in Philadelphia (14), I was able to point out that the 
incidence of malnutrition was about the same in children who failed to 
react to tuberculin as in reactors, and that there was apparently no 
increase in its incidence among children in whom tuberculosis of the 
tracheobronchial lymph nodes was demonstrated roentgenologically. 

Even the figures of Chadwick and Zacks (15), which show a higher 
percentage of tuberculin reactors among underweight children, and a 
higher incidence of malnutrition with “hilum tuberculosis” in certain 
age-groups, do not suggest that tuberculosis is responsible for more than a 
very small percentage of cases of malnutrition. MacDougall (16), 
among 370 malnourished children up to 14 years of age, found only 45 
that reacted to tuberculin. In this regard it is interesting to note that 
many excellent articles about malnutrition fail to mention tuberculosis 
among its causes. 

The opinion that malnutrition indicates a poor resistance to tubercu- 
losis is also held. Robbins (17) makes the statement that a reduction in 
the extent of malnutrition must have its effect on the incidence of 
tuberculosis. Hill and Breeze (18) however found no relationship 
between malnutrition and the infectious diseases. They point out that 
it is generally held by the public and even by the medical profession 
that good health and high resistance go together, and poor health and 
low resistance, but that in reality resistance to most diseases, smallpox 
for instance, is not a question of present health but of previous disease. 
That the form of disease a tuberculous infection will take depends upon 
resistance produced by a previous infection is well-known both clinically 
and experimentally. Many who develop clinical tuberculosis have up to 
the time of its onset been well-nourished and robust. I am not attempt- 
ing to show that contributing causes to the development of latent into 
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manifest or inactive into active tuberculosis do not exist but that 
present exposure and resistance due to previous infection are much more 
important. Chadwick and Zacks (15) state that they “‘have no evidence 
to prove that a malnourished child infected with tubercle bacilli is any 
more certain to develop tuberculosis than one that is well nourished.” 

There is no proof that malnutrition is either an important cause or 
effect of latent tuberculosis in childhood. The diagnosis of latent 
tuberculosis in childhood based upon underweight, listlessness, fatigue, 
variable temperature and palpable cervical lymph nodes is unwarranted. 
While children with malnutrition benefit from the regimen of open-air 
schools they should not be sent to special schools for tuberculous children 
under the impression that their condition is caused by tuberculosis. 

Again, a diagnosis based upon physical examination cannot always 
differentiate tuberculous from nontuberculous lesions of the lung. A 
relatively large group of children attending the special classes suffered 
from the latter type of pulmonary infiltration. The nontuberculous 
lesion is almost always basal, is often bilateral and is usually accompanied 
by numerous medium and coarse moist rales. A history of pneumonia, 
particularly if recurrent, of frequent colds with long-continued cough, 
and the presence of adenoids or infected accessory sinuses is common, 
while with advanced lesions large quantities of sputum may be expecto- 
rated. In children well enough to be at school bilateral basal tubercu- 
lous lesions are rare. A history of contact with open tuberculosis, a 
reaction to tuberculin, the presence of associated tuberculous lesions, 
such as tracheobronchial calcification and the site and roentgenological 
appearance of the lesion, are important considerations in determining 
that the doubtful lesion is tuberculous. 


SELECTION OF CHILDREN FOR PREVENTORIUM CARE 


Many members of the open-air classes had already had one or more 
admissions to preventoria. A large part of these had no tuberculous 
lesions demonstrable on X-ray examination and some did not react to 
tuberculin. There was no apparent reason why these children should 
have required preventorium care. Some physicians believe that poorly 
developed and poorly nourished children are suffering from latent tuber- 
culosis. These children are sent to preventoria and after their dis- 
charge the circumstance that they have been in one of these institutions 
is then considered evidence that they have tuberculosis. Preventorium 
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physicians, hampered by lack of funds and inadequate X-ray facilities, 
are themselves sometimes unable to say whether or not latent tubercu- 
losis is present. Evidence that a child has tuberculous infection for 
which he needs care should be required before he is admitted to a 
preventorium. 

The use of a special form such as has been devised for the open-air 
schools of Philadelphia might help in eliciting such information. Ifa 
diagnosis of tuberculosis is made the evidence in support of it can be 
clearly indicated (see form). If the evidence is not satisfactory admis- 
sion to open-air school is refused. Since this form has been in use very 
few children have been admitted, probably because many chest dispen- 
saries, since they do not use tuberculin tests and roentgenological 
examination in examining suspected children cannot give exact informa- 
tion upon which to base a diagnosis of tuberculosis unless there is manifest 
disease. A similar form of recommendation for treatment in a preven- 
torium would similarly prevent the admission of children in whom a 
diagnosis of tuberculosis is not justified by the evidence. 


SELECTION OF CHILDREN FOR SANATORIUM CARE 


It has already been pointed out that children with certain types of 
latent tuberculous lesions such as latent apical tuberculosis that is 
progressing and massive caseous tuberculosis of tracheobronchial 
lymph nodes should be treated in sanatoria. These lesions are often 
the forerunners of fatal disease and their latency does not indicate that 
they are inactive. As long as physical examination alone is used for 
selecting children for sanatorium care children who are thin and in poor 
health with no tuberculous infection have a better chance of obta‘ning 

treatment than healthy-looking children with latent tuberculosis. — 
The admission to sanatoria of children in whom no tuberculous lesions 
can be demonstrated results in overcrowding and in the exclusion of 
tuberculous children who might be benefited by the treatment. While 
physical examination is sufficient for detecting manifest tuberculosis, 
tuberculin tests and roentgenological examinations are essential in the 
definition of the large and important group of latent cases. Roentgeno- 
logical examination is the only method that measures both the anatomical 
extent and severity of latent tuberculous lesions. Until these facts are 
more generally recognized, the full value of sanatoria in the control of 
tuberculosis cannot be realized. 
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REPORT FROM HENRY Puarprs INSTITUTE 
Date 


Name Age Sex 
Address 
School 


Physical examination 


Temperature (degree and hour of day) 


Pulse (rate and hour of day) 


Sputum 
Pus discharge from joint or lymph node 


X-ray examination of chest 
Intradermal reaction to tuberculin 


Weight height relation 


Other signs or symptoms 
Previous known tuberculosis in this child 


Known tuberculosis in family or in person 
in contact with this child 


Diagnosis 
Recommendation 
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THE TUBERCULIN TEST AND X-RAY EXAMINATION OF CONTACT CHILDREN 
AS A METHOD OF SELECTING TUBERCULOUS CHILDREN FOR 
OPEN-AIR SCHOOLS 


The general application of the tuberculin test to the school population, 
while simple and inexpensive, meets with considerable resistance from 
pupils and parents. Moreover it distinguishes only between those who 
have been infected with tubercle bacilli and those who have not been 
infected, or whose infection has taken place either so long ago or so 
recently that the reaction has disappeared or has not yet developed. 
The failure of a patient in whom tuberculosis has been diagnosed to 
react to 1 mgm. of tuberculin raises very strong doubt of the correctness 
of the diagnosis unless far-advanced disease or miliary tuberculosis is 
present. The value of the negative tuberculin reaction is too well 
known to require further comment. On the other hand, it is among the 
tuberculin-positive children that those who need protection against 
tuberculosis are to be found. In the absence of manifest tuberculosis 
revealed by distinctive symptoms or physical signs, roentgenological 
examination is necessary to define this group. 

With certain types of lesion no further procedure is necessary to 
determine whether or not the individual requires prophylactic care. 
These are tuberculous infiltrations in young children and those infiltra- 
tions in older children that have an appearance of recent activity. 
Children with latent apical tuberculosis on the other hand require 
repeated examinations and prophylactic care until the lesion has been 
demonstrated to be inactive. Calcification of tracheobronchial lymph 
nodes makes such care desirable in certain instances, as has been already 
stated. 

The general application of roentgenological examination to all tuber- 
culin-positive children is however too costly to be recommended as a 
practical procedure. 

Yet it is only by means of the tuberculin test and X-ray examination 
that it is possible to discover children with serious infection at a time 
when it has caused no impairment of health. Such children are usually 
found, and are in greater danger when they are found, in contact with 
open tuberculosis. It is evident that contact children, when the tuber- 
culin reaction and X-ray films so indicate, should be assigned to open- 
air classes because their latent infection may become manifest disease. 
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Study of the occurrence of tuberculous infection in families attending 
the dispensary of the Henry Phipps Institute has shown that advanced 
infection that threatens to become clinically manifest occurs largely in 
families known to have been exposed to open tuberculosis (19). In 
these families tuberculosis of tracheobronchial lymph nodes has been 
found in 22.5 per cent of the children and clinically manifest disease in 
9 per cent, whereas in children of families of which some member has had 
pulmonary tuberculosis with no tubercle bacilli in the sputum the 
incidence of tracheobronchial tuberculosis has been little greater than 
in noncontact families, and manifest disease has seldom been found. 

Since tuberculosis is a reportable disease it is possible to determine 
what children are exposed to it in their homes. Examination of these 
children by the tuberculin test and X-ray is a practicable means of 
selecting those who have advanced infections suitable for treatment in 
special classes, for the number of -X-ray films required will be compara- 
tively small. 

To test further this method of selection we have recently examined 
children of families with open tuberculosis attending two dispensaries 
maintained by the city. Many difficulties presented themselves and 
we succeeded in examining only 31 children from families of which some 
member had open tuberculosis; eight (25.8 per cent) had such advanced 
infection that we believed special prophylactic care was indicated. 


SUMMARY 


The usual methods of clinical examination are not adapted to discover 
children who will be benefited by open-air tuberculosis classes. Tuber- 
culosis recognizable by this means is in most instances so far advanced 
that sanatorium treatment is desirable. In actual practice malnutrition 
has been the most important criterion used in the selection of children 
but this procedure selects many who should not be sent to the open-air 
school for the treatment of tuberculosis. Many others again, who 
needed preventive treatment, have been overlooked because they lacked 
symptoms or were not undernourished. 

All school children known to be exposed to open tuberculosis should 
receive an intracutaneous tuberculin test in addition to the usual physical 
examination. Those who react should’ have an X-ray examination of 
the chest and if advanced tuberculous’ infection is found they should 
be given special prophylactic care. 
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CHANGES SUGGESTED IN THE TREATMENT OF SCHOOL CHILDREN WITH SERIOUS 
LATENT TUBERCULOSIS WHO DO NOT NEED SANATORIUM CARE 


A law of Pennsylvania, Section 1509, Act of May 1911, provides that 
“no person having tuberculosis of the lungs shall be pupil, teacher, 
janitor or other employe in any public school building unless it be a 
special school carried on under the regulations made for such schools by the 
State Commissioner of Health.” The law aims to prevent children with 
pulmonary tuberculosis accompanied by physical signs or symptoms 
from attending school in the ordinary school buildings. The special 
open-air tuberculosis classes accommodate these pupils as well as chil- 
dren with latent tuberculosis who can be persuaded to go to them. 

The inaccessibility of special schools to the majority of children who 
should attend them presents a very serious problem. Some pupils 
cannot attend because of the distance involved. Some can reach the 
school only by long street-car rides, which are fatiguing and may prove 
injurious to children who are not in good health. Parents of younger 
children refuse to send them long distances on account of traffic dangers. 
In compliance with the existing law separate buildings are necessary 
for the instruction of children with clinical tuberculosis of the lungs. A 
boarding school where clinically tuberculous children could be treated 
for their disease as well as educated would overcome many of the diffi- 
culties that have been mentioned, but up to the present time preven- 
toria of this type have not been established. 

On the other hand there is no reason why children with latent tuber- 
culosis should be separated from other pupils in special buildings. 
They do not endanger their fellows and are not excluded from the schools 
by the law cited above. Open-air rooms could be established in ordinary 
school buildings in each district of the city so that these children could 
receive prophylactic treatment for tuberculosis in a school near home. 
Children in need of such treatment are at present scattered throughout 
the regular classes and no danger of contagion to other children would 
ensue if they were grouped together in a special class-room where the 
advantages of open-air schools could be enjoyed. 

The same room could be used for both instruction and rest-periods if 
equipped with movable desks and reclining chairs. It should have 
large windows capable of admitting a maximum amount of fresh air 
and sunlight. Nourishment of milk, cocoa, biscuits and fruit should be 
given in the middle of the morning and the middle of the afternoon as 
in the existing open-air schools. The children might be permitted to: 
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go home for lunch at noon, so that the services of a cook would be 
unnecessary. Additicnal rest, probably the most valuable feature of 
open-air schools, should be taken in the afternoon after the children 
return from lunch. They should lie quietly in their reclining chairs for 
at least an hour. In the curtailment of school hours one of the most 
valuable features of the open-air school has been lost. In the original 
German schools, children remained there almost all their waking hours 
and were thus removed from insanitary home surroundings (including, 
perhaps, contact with tuberculosis) as well as supervised for the whole 
day. The school hours for the special classes should be from 9:00 a.m. 
to 5:30 p.m. and the extra hours used partly for supervised recreation 
and partly for instruction, so that the children would progress in their 
grade work at the same rate as children in ordinary classes. Correc- 
tion of physical defects and health education for both children and 
parents should form an important part of any scheme for the control 
of tuberculosis. 

Children placed in special classes for protection against tuberculosis 
must be examined periodically in order to determine that the infection 
is not progressing. The use of tuberculin and the roentgen-ray is an 
essential part of this examination. Refusal of parents to permit their 
children to be tested with tuberculin is not uncommon, especially in 
families where home codperation is poor and the child’s wishes rather 
than its welfare are considered. Before a child is admitted to a special 
tuberculosis class, permission for examinations as often as needed should 
be received. If such supervision is not maintained it is impossible to 
determine how long a child requires treatment and whether the treat- 
ment given is sufficient to control the infection. 


THE CARE OF TUBERCULOUS CHILDREN OF HIGH-SCHOOL AGE 


A recent tuberculosis survey? has given us definite information con- 
cerning the incidence of tuberculous lesions in children of high-school age 
in Philadelphia. Between the ages of 12 and 18 years 0.6 per cent had 
manifest tuberculosis, 0.8 per cent had latent apical tuberculosis and 1.2 
per cent had latent infiltration of the childhood type. Some of these 
children had lesions so far advanced that sanatorium care was indicated, 
and we believe that the remainder should have medical supervision 
and that in many instances their activities should be restricted. 
Treatment in special schools or even in special classes is not suitable for 
high-school pupils with latent tuberculosis. They have entered the 
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school at intervals of six months during a period of four years and are 
not grouped into classes that remain together throughout the day. 
Each pupil has his schedule of assigned classes and each class may include 
members of varying advancement in the high school. The variety of 
courses they are pursuing requires them to attend classes in special 
rooms with special equipment and to receive instruction from teachers 
specially qualified in certain subjects. ‘These conditions are unavoidable. 

As noted above, children with latent tuberculosis do not disseminate 
tubercle bacilli and under medical supervision that will recognize 
clinically manifest disease they are not a source of danger to others. 
It is generally recognized that between 12 and 18 years of age the more 
serious type of adult tuberculosis begins to make its appearance, more 
frequently in girls than in boys. It is also recognized that persons with 
latent or arrested tuberculosis should earn their living by mental rather 
than by physical work. Yet at the completion of the elementary-school 
course the children who have or are threatened with tuberculosis are 
forced either to stop school or to compete with healthy children in the 
high school. 

Lengthened curricula and special rest-hours for these pupils would be 
simple modifications of the existing high-school system. A special rest- 
room might be necessary. The children should be advised to take 
extra nourishment such as milk, which is readily obtainable from the 
lunch-room in the school. The aid of parents must be enlisted in estab- 
lishing regular health-promoting habits outside the school. In most 
instances strenuous exercise and indulgence in competitive athletic 
sports should be forbidden. Every effort should be made to see that 
those who are competent complete their high-school course, without 
subjecting them to undue strain. 


CONCLUSIONS 


The usual clinical examination is not adapted to discover children 
who need protection against tuberculosis since it reveals only manifest 
disease that usually requires sanatorium treatment or its equivalent. 
Most of those in elementary schools who need protection against tuber- 
culosis, such as may be afforded by open-air schools or preventoria, 
can be selected by applying tuberculin tests and roentgenological 
examinations to children between five and twelve years of age who are 
known to be in contact with open tuberculosis; for a large part (at least 
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one-quarter) of the children exposed to open tuberculosis at home have 
advanced latent lesions. 

Open-window classes should be established in elementary schools so 
that children with latent tuberculosis can receive the benefit of prophy- 
lactic treatment without going long distances from home. 

A small percentage of high-school children, at least 0.6, from 12 to 18 
years of age have tuberculosis so far advanced that sanatorium care is 
required and a somewhat larger percentage, approximately 2.0, have 
grave latent tuberculosis that threatens to develop into clinical and 
perhaps fatal disease. The application of tuberculin test and roent- 
genological examination to high-school children is a practicable means of 
selecting those who have tuberculosis and others who are liable to develop 
it. It is feasible to provide the personnel and equipment necessary for 
this examination in high schools and children and their parents should be 
urged to take advantage of it. 

Provision should be made in the high schools for the prophylactic 
care of children who have advanced latent tuberculous infection that 
has not impaired their health; this may be accomplished by a modified 
school regimen that will avoid mental and physical fatigue and will 
provide adequate rest and nourishment. 
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THE DIAGNOSIS AND CLASSIFICATION OF PULMO- 
NARY TUBERCULOSIS IN CHILDHOOD AND 
ADOLESCENCE!:? 


F, MAURICE McPHEDRAN 


In this paper the essentials of the diagnosis in children of tuberculous 
and of certain nontuberculous pulmonary lesions are briefly discussed, 
and they are summarized in the chart. The diagnostic methods that 
have been used are appropriate both to the properly equipped case-find- 
ing survey and to the modern dispensary. The most important of these 
in the recognition alike of early manifest, and of latent tuberculous 
lesions is the roentgenograph, as the illustrations and accompanying 
histories witness. It is also, of all diagnostic means, the one most in 
need of and most susceptible of improvement, particularly as regards 
the apparatus generally available for its production. Moreover, not in- 
frequently insufficient consideration is given the physiological and ana- 
tomical conditions that must be taken into account in order to make 
and to interpret a satisfactory roentgenograph. The diagnosis and 
supervision of latent tuberculosis depends almost wholly on accurate 
and comparable films. 

Because of the clouded outlook for clinical tuberculosis sufficiently 
advanced to bring the patient to the physician complaining of symptoms, 
a large part of the attempt to control the disease should be directed to 
the latent phase. The methods selected to this end must take account 
of the insidious onset of tuberculosis and seek to discover anatomical 
invasion before the development of symptoms. Several years’ observa- 
tion of children living in household contact with patients who have posi- 
tive sputum (1) has shown conclusively that pulmonary infiltrations may 
be discovered months and often years before pulmonary tuberculosis 
becomes manifest either by symptoms or by physical signs (2). Lesions 
of most types, if discovered during the latent stage, may be so treated 
that the child in whom they occur is never made ill by their presence 


1 From The Henry Phipps Institute of the University of Pennsylvania, Philadelphia, 
Pennsylvania. 
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The advantages of such an outcome are too obvious to need emphasis 
to those who have experience in the treatment of pulmonary tuberculosis. 

Weight has been given to the importance of the latent stage in select- 
ing illustrations. The chief object, however, has been to show typical 
examples of each form of lesion in such a way that its site and its physical 
characteristics, particularly the variations in density of different parts of 
the lesion in relation to each other and to the site, may be clearly repre- 
sented. These considerations are important in the recognition of slight 
infiltrations and in the differentiation of infiltrations due to tuberculosis 
from those of nontuberculous origin. 

The representations of lesions of the hilum lymph nodes have been 
selected in order to demonstrate the size that such a lesion must attain 
before it can be perceived. They illustrate those difficulties in the way of 
recognition of smaller lesions that make it impossible to diagnose uncalci- 
fied nodes in the vast majority of instances. There is, perhaps, no 
pulmonary lesion concerning the diagnosis of which so much confusion 
exists. This is partly referable to misapprehension of the relative size 
and shape and, therefore, radiographic density of the various anatomical 
structures of the hilum and of the extent and effects of cardiac move- 
ment; partly to deficient comparative postmortem study of tuberculous 
lungs and their roentgenographs. Disregard of these fundamentals 
inevitably leads to misconceptions as to what is essential and what 
incidental in a roentgenograph and, therefore, to diagnostic inferences 
based on artefacts. Accurate anatomical diagnosis is essential to the 
most effective use of the inadequate means now available for the treat- 
ment of tuberculous children, and a guide to the development of the 
treatment it indicates. For such diagnosis the roentgenograph is essential 
and dependable when the properties of the roentgen ray, the structure 
and physiology of the lung and the pathology of the disease are taken 
into consideration in making and interpreting the roentgenograph. 

The chart briefly indicates the form and characteristics of the tuber- 
culous lesions of the lungs and pulmonary lymph nodes and of certain 
chronic infectious, nontuberculous pulmonary infiltrations. It is based 
on roentgenographic appearances because these are often the sole evi- 
dence of an anatomical lesion and almost without exception reveal any 
lesion that is clinically significant. The various lesions discussed are 
those that may be recognized in the living and they are described with 
reference to the means that must be employed to perceive their full 
extent and significance. They are grouped vertically into parenchymal 
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infiltrations characteristic of childhood, lesions of the tracheobronchial 
lymph nodes, which are almost invariably the result of initial infection, 
apical infiltrations, which typically begin to appear in adolescence and 
at this period constitute the majority of the recognizable and significant 
pulmonary invasions, and chronic nontuberculous infections that seri- 
ously affect the health, are commonly mistaken for tuberculosis of the 
childhood type and are often forerunners of the far-advanced bronchi- 
ectasis of adult life. 


COLUMN HEADINGS 


Each lesion is indicated diagrammatically in column 1 and is described 
in the horizontal spaces under the various column headings 2 to 10. 
Column 11 lists the lesions often or sometimes found in association with 
the lesion of column 1 but not necessarily inseparable or resulting from 
it. Column 12 indicates diagrammatically variations of the lesion in 
column 1 and the commoner combinations of lesions. — 

Column 1: Diagram of Lesion: The site in which the lesion is shown 
isa typical oneineachcase. It isnot the exclusive site. Both the form 
of the lesion and the relative density of its various parts as shown in the 
diagram are characteristic. In each instance the attempt has been 
made to show a typical lesion as it appeared when favorably recorded. 

Column 2: Lesion: A pathological term has been chosen descriptive 
of the lesion solely in relation to its effect on the lung and avoiding refer- 
ence to composite regions, such as hilum and mediastinum. 

Column 3: Prognosis: This has been placed between the descriptive 
term and the X-ray appearances because, in children in whom latent 
lesions can typically be recognized before the development of symptoms, 
a prognosis must often be based on the roentgenographic appearance of 
the lesion alone. The occurrence of symptoms modifies the prognosis. 
But to await the development of symptoms before deciding what to 
advise is to subject a large proportion of children to avoidable risk. 
Furthermore, since any tuberculous lesion in a child must be relatively 
recent, and since all tuberculous lesions are slow in becoming obsolete, 
few should be regarded as negligible until completed investigation war- 
rants such an opinion. Calcified focal tuberculosis and dense strands, 
usually with spots of calcium, are almost the only lesions that can be 
dismissed without further consideration. 

Column 4: X-Ray Appearances: The description refers to such in- 
stances of the individual lesion as can be recorded roentgenographically 
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in the living. Slight pathological changes that cause trivial increases 
in density do not cast detectable shadows. It is very rare, however, 
that any tuberculous lesion sufficient to cause symptoms fails to be 
clearly demonstrated roentgenographically in films of good quality made 
from the proper angles. Moreover, lesions of all kinds without either 
symptoms or evidence of ill health are commonly demonstrable in chil- 
dren who have lived in household contact with sputum-positive tuber- 
culosis when they are examined by appropriate methods. 

Column 5: Tuberculin Reaction: The importance of the tuberculin 
reaction is in direct proportion to the immaturity of the person in whom 
it occurs and to the intensity of the reaction. The following discussion 
refers to the intracutaneous test with Old Tuberculin. 

In an infant’ a positive reaction to even a strong dose, say 1 mgm., 
is significant, and warrants search for a source of infection with the aim 
of preventing further infection. A positive reaction to 0.01 mgm. 
indicates a severe infection, usually contact with a person who has 
positive sputum. If a patient suffering from clinical tuberculosis is 
known to have caréd for or handled the infant, means should be employed 
to prevent further exposure, irrespective of the possibility of demonstrat- 
ing a tuberculous lesion in the child. In any infant the occurrence of a 
strong tuberculin reaction alone is warning and indication enough to do 
everything possible to prevent a fatal outcome. The test should invari- 
ably be made on every infant who might have been in contact with 
clinical tuberculosis. 

The opinion persists that once infection with tubercle bacilli has 
occurred it is useless to try to prevent further infection. This is at 
variance with experimental evidence and clinical experience. In labora- 
tory experiments the size and frequency of the dose of bacilli bears a 
direct relation to the severity of disease, and on the clinical side there 
are many instances, far too numerous to be accidental, of the recovery 
of infants of six months and less, from severe tuberculous lesions involv- 
ing as much asa whole lobe. In these cases, almost without exception, 
cessation of contact at the earliest possible time after the discovery of 
the infectious source appears to have determined the favorable result. 

After infancy and to the fifth year weak tuberculin reactions to the 
stronger dilutions suggest mild infection. The stronger reactions, how- 
3 Infancy is taken as ending with the second year, in accordance with a fairly general 


application of the term. There is, however, a decidedly better outlook for children whose 
lesions develop in the second year than for those who show them in the first year. 
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ever, indicate exposure to a large or frequently repeated dose of bacilli. 
Children in whom they occur should be examined by the roentgen ray. 
Even in the absence of a demonstrable lesion, it is desirable that the child 
be protected from further infection and be well cared for. The most 
important consideration is still the discovery and removal of the source 
of infection. Doubtless the growth of the nursery school will emphasize 
the value of the tuberculin test at this age-period in selecting children 
for further examination. 

From the sixth to about the twelfth year, the tuberculin reaction, 
especially with the 0.01-mgm. dose, is of great value. This appears not 
only in selecting the children among whom will be found the large 
majority of the lesions of the lung, chiefly of the childhood type, and 
of the tracheobronchial lymph nodes (1), but also in the differentiation 
of the former from the chronic, nontuberculous infections. Although 
there are certain characteristics of site, relative density and direction of 
spread that distinguish these pulmonary lesions, a strong tuberculin 
reaction, particularly in younger children, is valuable evidence for the 
tuberculous nature of the infiltration. Negative reaction, especially in 
a child who has not been made seriously ill by his disease, still more the 
continued negative reaction during some months’ observation, indicates, 
in the absence of other and decisive evidence, the nontuberculous nature 
of the trouble. 

With adolescence the tuberculin reaction loses little of its usefulness 
in the selection of children for further examination. This is the period 
when apical infiltrations begin to appear. They develop, with rare 
exceptions, in children who react to the weakest dilution we have used 
in routine, that is, 0.01 mgm. Of course, if it is known that an ado- 
lescent who has a reaction to 0.01 mgm., or even to 0.1 mgm., livesor has 
recently lived in household contact with a case of sputum-positive tuber- 
culosis, serial annual X-ray and physical examinations supplemented, 
at intervals of three months, by a recording of weight, energy, appetite, 
temperature, etc., and inquiry into the occurrence of alleged acute 
respiratory infections, constitute the minimum of reasonable oversight 
for a period of at least five years from the cessation of contact. 

Column 6: Physical Signs: Physical examinations were made and a 
diagnosis recorded without reference to the roentgenograph and usually 
before it wastaken. In most instances at least one physical examination 
was made by a physician other than the one interpreting the films. When 
a lesion was shown roentgenographically, the region indicated was 
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reéxamined to find whether there were variations in the intensity of 
physical signs. Inconstant rales are often the first clinical evidence of 
a lesion hitherto latent. 

Column 7: Weight: The weight was calculated as a percentage of the 
normal weight for sex, age and height as shown in the tables of Dr. Bird 
T. Baldwin and Dr. Thomas D. Wood for children of school age and 
Dr. Robert M. Woodbury for infants and preschool children. 

Tuberculosis does not affect weight in its latent stage, and not always 
in the early clinical stages. A state of general good nutrition does not 
prevent the development of tuberculosis when contact with a sputum- 
positive patient is intimate. 

Column 8: Elevation of Temperature: The temperature was taken 
during the morning or afternoon. In the event of the recognition of a 
lesion, the temperature was taken repeatedly for several days when 
possible. 

Column 9: Symptoms: The difficulty of securing a history of cough 
and expectoration from a child is too well known to require comment. 
On the other hand, cough is brought out by physical examination. 
During the period when the child is awaiting X-ray examination the 
physician should be alert to detect cough that may be wholly unperceived 
by the child and its mother. 

Column 10: A ge of Chief Occurrence: Although typical apical adult-type 
infiltrations may occur in young children, and lesions of the childhood 
type during late adolescence, especially in colored children, each group 
of lesions is found characteristically at a certain age. 

Column 11: Commonly Associated Lesions: Certain lesions such as the 
primary nodule, A, and tracheobronchial tuberculosis, F and G, are 
complementary. In other cases, the association of two lesions is usually 
the result of prolonged exposure to infection, as when an apical lesion 
develops after a tracheobronchial lesion has become calcified. 

Column 12: Diagram of Variations of Lesion (indicated in column 1 at 
the same level) and Commonly Associated Lesions (column 11): These 
show typical associations of two or more lesions. 


PARENCHYMAL LESIONS CHARACTERISTIC OF CHILDHOOD. A: FOCAL 


TUBERCULOSIS 


This, the common primary tuberculous lesion, is a small nodule of 
caseous necrosis that usually becomes encapsulated and calcified. It is 
usually subpleural (3) (figure 1) and is therefore often obscured by opaque 
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overlying structures (heart, diaphragm or ribs, particularly in the axilla 
where these overlap), or its density may merge into that of these adjacent 
structures, especially while it is caseous (figure 22). The majority of 
those recognized in the living range from 0.2 to 1 cm. or more (figure 1). 
Those from 0.2 to 0.6 cm. can be simulated by vessels axially radiated. 
(See Tracheobronchial Lesions, F and G, and figure 3 of reference 4.) 

These lesions, A, when larger than, say, 0.5 cm., suggest a heavy 
first infection. But since nearly all are first recognized when calcified 
and encapsulated, the associated tuberculin reaction is usually the more 
significant index of the importance of the infection. 

One or more sharp dense calcified masses in the parenchyma, especially 
when surrounded by a few dense heavy strands that are clearly recog- 
nizable as not due to vessels (figure 15), commonly represent the residuum 
of B, a wedge of tuberculous infiltration, or of D, a diffuse, mottled 
infiltration. In many cases B and D are homologous with A; that is, 
they represent infection of an unsensitized child. If the usual small 
nodular caseous necrosis, becoming circumscribed and calcified, results 
from this first infection the lesion falls under A. If there is a gradual 
increase of the lesion so that a considerable part of a lobe is invaded, we 
have B or D, depending on whether the appearance is that of homo- 
geneous consolidation or of mottling with spots that do not entirely 
coalesce. 

The isolated focal tuberculosis or pulmonary nodule is chiefly of 
importance as an indication of an ‘nitial or former infection. When it 
is desirable to recognize the pulmonary nodule with certainty, care must 
be taken to rule out apparent nodules due to blood-vessels axially 
radiated. (See figure 3 of reference 4.) 

The roentgenographs of the excised lung, the vessels of which have 
been tied off before excision, show innumerable small branches extending 
in all directions (see figure 1 of reference 5). Very many of these in all 
parts of the lung are directed toward either the anterior or the posterior 
chest-wall, and therefore the long axis of the vascular channel or column 
of blood runs in a direction parallel with the axial ray. When rapid 
exposures are made of the lung in the living and fine detail is recorded, 
there result small dense round homogeneous spots. Close inspection 
shows that these lie upon those arborizations of the vascular tree that 
run perpendicular to the axial beam of the X-rays (figure 18). They 
have an appearance that has been variously described as ‘“‘beaded”’ or 
“capped.” If it is understood how the appearance is produced and that 
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it represents only branching of vessels, one will not be misled in attribut- 
ing to it a significance it does not possess, such as “peribronchial tuber- 
culosis spreading from the hilum,” or “clusters of tubercles about the 
bronchi spreading out from the hilum,” neither of which descriptions 
finds a basis in pathology. Both of these conceptions are based on 
artefacts or, less commonly, on appearances produced by entirely differ- 
ent pathological processes (5). (See X: Nontuberculous Lesions.) 
Tuberculin Reaction: The tuberculin reaction is often negative to 1 
mgm., even in the event of large calcified primary nodules. Unless the 
primary nodule is massive, its presence does not affect the interpretation 
of the tuberculin reaction, the general significance of which is discussed 
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SHOWING THE DIRECTION OF CLEARING OF RETROGRESSIVE CONSOLIDATION 


DIAGRAM 1. 


above. A massive nodule with a strong tuberculin reaction suggests 
contact even if other evidence is lacking. 

Signs and Symptoms: There is no clinical evidence of this lesion. 

Age: The older the child and the longer the exposure to infection the 
more likely is a primary focus to be demonstrable. 

Associated Lesions: Secondarily to the primary parenchymal focus 
there occurs involvement of the lymph nodes (3) lying in the line of 
lymphatic drainage. The relationship can be clearly established in all 
but about 2 per cent of excised lungs. Failure to demonstrate either the 
primary focus or the lesion of the associated lymph nodes in the living 
depends on technical difficulties. These result from the obscuration of 
many lesions by dense structures and the impossibility of distinguishing 


ii 
| 
iy 
al 
a 
is 
if 
is 
a 
a 
4g 


540 F. MAURICE McPHEDRAN 


shadows of very small calcifications from the adjacent shadows of blood- 
vessels axially radiated. 

Variations of Lesions: The two diagrams represent typical associa- 
tions of A and G. Examination of excised lungs shows that the first 
combination is more common than the second, the lesions being dis- 
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DracraM 2. SHOWING THE ARTERIAL Matn-STEM, A, FROM WuIcH PROcEEDS Brancu, V, 
THE LENGTH OF Is 3 cm., Srx Its DIAMETER, 0.5 cm. 


Below the branch in the direction of blood flow lies a lymph node, L, of which the diameter 
equals the diameter of the arterial main-stem, on which it lies. It is clear that the density 
cast by V, running parallel to X, the axial beam of the X-rays, will be twice that cast by L, 
and will be sharply defined. 


tributed proportionately to pleural surface. The diagrams indicate 
why in the living the primary lesion is less commonly recognized than 
that of the lymph nodes. Not only are the lymph-node lesions larger, 
but they are usually multiple, and more favorably situated for demonstra- 
tion if partly calcified. (See figures 1 and 12 and chart G12.) 
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PARENCHYMAL LESIONS CHARACTERISTIC OF CHILDHOOD. B, C AND D: 
CONSOLIDATIONS AND DIFFUSE INFILTRATIONS 


These groups of pulmonary infiltrations of the childhood type are 
arbitrary, but going along with the roentgenographically determined 
anatomical structure of each group there are certain clinical and prog- 
nostic characteristics, which are summarized in the chart and discussed 
in the text. The dividing lines between these groups are, however, not 
sharp, and not a few cases can at one time be placed in one group and 
at a later time in another. For example, D, a diffuse, mottled infiltra- 
tion in which areas of bronchopneumonia are separated by air-containing 
lung, may, by enlargement and coalescence of its constituent spots, 
become a consolidation, B. Or homogeneous, partly caseous consolida- 
tions, B, as they clear in their typically irregular patchy way, may show 
a diffuse, unequal shadow, D. But it will be observed that when a 
group-B lesion, by change of its anatomical constitution falls into group 
D, its associated prognostic and other characteristics also change, and 
change for the better. Conversely, a diffuse, flocculent infiltration, D, 
that becomes a consolidation, B, by confluence of its spots becomes 
simultaneously a lesion with a much more darkened prognosis. 

The difference between B and C, both consolidations, is fundamentally 
that of their course. If the former, of which caseation is character- 
istically a part, does not break down and excavate or spread, it usually 
fluctuates in area or in the relative density of the central or, more often, 
the peripheral part of the infiltration. These changes in density indicate 
the continual smouldering of the inflammatory process, and, even if 
eventually resolution occurs, such instability is a constant threat of 
further caseation or peripheral spread, either of which, in addition to 
their intrinsic danger, may result in dissemination of the infection through 
the blood-stream. 

The second group, C, includes only those consolidations, pyramidal 
or conical in structure, and usually definitely wedge-shaped‘ when recorded 
in profile, that clear slowly but uninterruptedly. Clearing does not 
occur in irregular patches, but proceeds inward from the sides of the 
wedge of infiltration toward itscentre. Thus the density maintains its 
wedge form, and only in the later stages are there seen irregularities of 
density, usually delicate strands, unlike the heavy strands and spots of 
calcium that result from B consolidations. 


‘ The shape of the wedge may be irregular because of differences in the length of its sides. 
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The clearing of the wedge can be described as proceeding from its 
sides inward with two qualifications. The part of the wedge that is 
most anterior clears last if the consolidation extends to the anterior 
chest-wall, or the part that is most posterior, if the wedge extends to 
the posterior wall; the side that abuts on an interlobar plane (see figures 
8 and 9) clears less rapidly than the sides that merge imperceptibly into 
the uninvolved parenchyma. 

There are certain B consolidations whose manner of clearing somewhat 
resembles that described for C, in that it occurs steadily from the axilla 
mesially as seen in the posteroanterior view. However, the outline of 
these consolidations is only approximately wedge-shaped. Furthermore, 
very dense strands and residual calcification usually persist in the anterior 
or posterior part of the lung, which again clears last (figure 19). Fever 
and symptoms are usually definite. We have seen three striking in- 
stances in colored children, in all of whom greatly enlarged associated 
lymph nodes, which in two cases showed beginning calcification, are 
further evidence of the serious nature of the consolidation. (See figures 
6 and 7.) 


B: Tuberculous Consolidation of a Lobe or Wedge, Progressive or Un- 
stable: The infiltrations that have been placed in this group are those that 
appear as consolidations and are caseous in part at least. The consolida- 
tion may occupy any lobe. Roentgenographically, it may appear 
entirely homogeneous in the centre, with an irregular, somewhat frayed 
transition to the surrounding lung-field, as in the upper part of figures 2 
and 5. Unless the mass abuts on a pleural plane (figure 5) there is no 
definite contour, such as is characteristic of group-C consolidations. 
These distinctions are sometimes definite and aid in the differentiation of 
these two groups. If the associated lymph nodes are obviously much 
enlarged and uncalcified, as in figure 3, they may be considered caseous 
in part at least and afford reasonable grounds for placing the pulmonary 
infiltration in class B, as containing an area of caseation that is the source 
of the infection causing caseation of the lymph nodes. In some cases of 
lobar consolidation of this group it is at first impossible to record the 
nodes. Serial observations are often necessary to define them. 

This form, B, is the characteristic one in infants (figure 2) and it is 
not uncommon in colored children (figure 3) at all ages. It represents 
an initial infection in which the pulmonary primary lesion is not confined 
to a focus of necrosis but has spread through a large part of a lobe. 
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During subsequent observation the opaque area may enlarge steadily 
for weeks and then retrogress somewhat, only to spread again, or, simul- 
taneously with enlargement of the original opacity, there may bea spread 
into the opposite lung. Figure 2 shows suchacase. The consolidation 
on the left fluctuated in extent for months, and at the same time the 
infiltration on the right would appear and disappear, only to reappear 
and disappear again, the exacerbations being accompanied by sharp 
rises in temperature. After many months the area on the right cleared 
completely. That on the left excavated partly; then calcification 
appeared and the excavated area decreased. 

Large consolidations such as these may clear gradually, leaving only 
a few spots of calcification. As clearing develops, the density becomes 
definitely patchy. These patches diminish concentrically, and eventu- 
ally there remain dense spots, usually calcified in part, with strands 
radiating from them into the cleared pulmonic field. 

It is only relatively recently that the extensive use of the roentgen ray 
has shown that large pulmonary infiltrations and consolidations due 
to tuberculosis in infants do not necessarily end fatally. Further 
experience has suggested that the determining factor, even after consoli- 
dation is extensive, is a complete termination of exposure to the infect- 
ing source. 

Additional cases illustrative of consolidations of this group that have 
evolved favorably are shown in figures 5, 6 and 7. 

The child whose lesion is represented in figures 3 and 4 showed in 
January, 1929, beginning calcification of the nodes of the hilum and 
mediastinum and partial contraction of the volume of the upper lobe, 
through which ran heavy strands suggesting beginning fibrosis. On the 
other hand, there was an increase in the infiltration between the axillary 
levels of the third to the seventh ribs. This child is free from definite 
fever and his symptoms are trivial. On this account he is ambulant. 
This is a grave and all too common error. Any lesion that is ana- 
tomically progressive requires measures, chiefly rest, sufficient to stop 
its progress and bring about retrogression. 

Tuberculin Reaction: The reaction is usually strongly positive. When 
symptoms and fever are marked, it is of value in differentiating B from 
acute confluent bronchopneumonia or recurrent bronchopneumonia. 
(See under X, Nontuberculous Lesions.) 

Signs and Symptoms: Impairment, or flatness, and increased voice- 
and breath-sounds are heard over most of these consolidations. Limita- 
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tion of movement is usually definite, and it is pronounced when large 
areas are involved. Adventitious sounds, if there are any, are usually 
rhonchi, but medium rales are not uncommon. 

Retardation of gain in weight is the rule in infants until rapid spread 
occurs. In some cases without symptoms there is overweight (figure 5). 
Underweight in older children may be pronounced, but if the lesion clears 
under proper conditions of rest gain in weight is rapid. 

The temperature may or may not be high, even in infants with progres- 
sive lesions, but as a rule it is elevated. Often there are sharp rises 
of temperature (to 104°) lasting a few days or weeks and, in favorable 
cases, a gradual drop. 

Persistent cough is the almost invariable symptom, unless the consoli- 
dation is small. (See figure 5.) In infants dyspnoea may be marked. 
The child may sleep only in snatches, and vomiting and diarrhoea 
greatly prejudice the outlook. In older children malaise, lack of energy, 
and dyspnoea are the rule. The sputum is commonly positive on animal 
inoculation of the faeces or stomach-contents, except with lesions that 
tend to clear. In older children direct smears or concentration of the 
sputum may suffice to fix the diagnosis. (See figure 3.) In some cases 
there is little or no sputum and animal inoculation is negative. (See 
figure 6.) In others (figure 5) there is no cough or sputum. 

Age: While this lesion predominates in infancy, it is much less common 
during school years than C and D. Only in colored children does it 
form a large percentage of infiltrations of the childhood type. 

Associated Lesions: One of the chief reasons for classifying D, diffuse 
infiltrations of infants, separately from B, caseous consolidations, lies 
in the fact that the diffuse lesions, with less dense infiltration, and, as a 
rule, without multiple demonstrable caseous nodes, usually without any, 
have a better prognosis. Progressive consolidations in infants and 
young children, accompanied usually by demonstrable uncalcified nodes, 
constitute a serious, if small, group that, from the prognostic point of 
view, are to be distinguished from both the benign and the diffuse. 

When a wedge-shaped consolidation, B, develops in a child who has 
a diffuse infiltration, D, or in a child with a calcified node, the child 
should be put absolutely at rest. A Bradford frame should be used to 
to make sure that rest is complete. Serial roentgenographs at weekly 
intervals should be made to differentiate between B and C, since in these 
circumstances early artificial pneumothorax for a progressive lesion may 
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offer the best hope for preventing disaster. In these circumstances 
progressive consolidations caseate and excavate with great rapidity. 
Variations of Lesions: Both diagrams represent consolidation of the 
right upper lobe with caseous enlargement of the associated lymph 
nodes. (See figure 3.) Consolidation with demonstrable enlargement 
of the associated nodes offers no difficulty in diagnosis, and, unfortu- 
nately, not a good prognosis, which, however, may be modified by alert 
and thorough treatment. 


C: Tuberculous Consolidation of a Lobe or Wedge, Retrogressive and 
Benign: There is probably no group of tuberculous lesions concerning 
the constitution of which so many divergent views exist (6) (7) (8) (9) 
(10). This results from several different causes, which will be briefly 
discussed. 

The pathology of these consolidations is obscure. None in our experi- 
ence has resulted fatally and they resolve, leaving no intraparenchymal 
calcium to prove that caseation was present and, at most, trivial residual 
strands to indicate their site. When there remains from a large consoli- 
dation not even a fleck of calcium as much as two millimetres across to 
indicate a caseous spot, it appears somewhat hazardous to ascribe the 
massive lesion to “perifocal consolidation.” As has been said above, 
we feel that when caseation extensive enough to have become calcified 
later has formed part of a consolidation, that is reason enough to place 
the lesion under B. Furthermore, we think there are distinct differences 
in structure by which typical instances of this group, C, may be dis- 
tinguished roentgenographically, even on first observation, from the 
similar lesions of group B. We have not attempted to define these differ- 
ences on the chart because they are not easy to state briefly and if, by 
an error in diagnosis, a lesion of group B were treated as essentially 
benign, without rest in bed, recovery would be prejudiced. 

Both B and C consolidations have been defined as homogeneous, but , 
roentgenographs of the former show shadows somewhat more opaque 
and, if the parts that are not uniformly dense, such as the margins, be 
closely scrutinized, they are seen to be made up of closely-set, flocculent 
areas. This results in an unequal shading off at the margins into the 
surrounding uninvaded lung (see upper margin of figure 2), and the 
contour consequently does not follow strictly the shape of a wedge. 
Again, the consolidation B, if it occupies a large part of one lobe, is 
more likely to invade irregularly, in a definitely flocculent fashion, a 
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part of an adjacent lobe (figure 4). Lastly, diffuse involvement of the 
opposite lung, whether antecedent or secondary to group-B lesions, is 
common (figure 2). We have not yet seen it in association with a lesion 
properly placed in group C. The latter type, if irradiated from the 
proper angle so as to show the maximum extent of the consolidation in 
profile, forms a wedge, more or less symmetrical, with its base on the 
pleura, its apex in the hilum. The homogeneity of the C infiltration, 
when recent, is unbroken (figure 13). Although owing to its wedge shape, 
the consolidation thins out at its margin, which is slightly irregular but 
not so flocculent as B, the decrease of density proceeds by imperceptible 
gradations from the most dense area to normal lung. The lesion may 
have its maximum density posteriorly, or it may be localized in the 
axilla (see figure 3 of reference 7), but if it reaches the anterior chest- 
wall the maximum density is usually anterior. Unlike the partly caseous 
lesions, the consolidation is usually (in our cases always) confined to 
one lobe. It is sharply delimited by pleural planes. These points are 
brought out by figures 8, 9, 12 and 13. Diagrammatically, these char- 
acteristics are indicated in column 1 of the chart and in the right-hand 
diagram in column 12 of C; the latter diagram is drawn from the illustra- 
tion, figure 12. (See also figures 1 and 2 of reference 7.) 

There are, doubtless, consolidations, the classification and prognosis 
of which-will remain uncertain at the first examination, usually, we 
think, because of the difficulty of defining them in profile. In such cases 
they should be treated as belonging in the unstable group. 

Characteristic of the course of the benign consolidation is uninter- 
rupted, though slow, diminution of the size of the wedge without great 
loss of form or homogeneity, in contrast to the irregular, patchy clearing 
that gradually breaks up the mass of the unstable type of consolidation. 
The former type of clearing has commonly been described as occurring 
from the periphery. This is somewhat vague, since all tuberculous 
lesions clear from their periphery. Clearing of the unstable consolida- 
tion proceeds concentrically down to the unabsorbed residuum, usually 
caseation in which more and more calcium is deposited. Of these 
caseous spots there may be one or more surrounded by tissue that has not 
become necrotic. Clearing of the benign consolidation, on the contrary, 
is by resolution, uniformly along those surfaces of the infiltrative wedge 
that, first, do not form its extreme anterior (or posterior) boundary and, 
second, do not abut on an interlobar plane. The lesion in horizontal 
cross-section may be regarded as, roughly, the sector of a circle, and its 
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anterior and posterior boundaries as the radii of the arc formed by part 
of the lateral and the anterior chest-wall. (Diagram 1.) It clears 
from the posterior radius if the major part of the consolidation is anterior, 
or from the anterior radius if the major part of the consolidation is 
posterior, and thus at the periphery clears first in the axilla and last at the 
anterior (or posterior) chest-wall. (See figures 8 and 9.) In the usual 
posteroanterior roentgenograph clearing is thus most conspicuous from 
the axillary aspect of the consolidation. In the oblique view one can 
see that the density persists longest on the anterior, or, less commonly, 
the posterior, surface of the lung, from which eventually only a few 
strands remain converging into the hilum. 

These strands may persist for years if the maximum density of the 
lesion was somewhat anterior, and abutted on the pleural plane. In this 
event, the strands appear to enter the hilum, and where they converge 
they may simulate an uncalcified node (figure 23, and figure 4 of reference 
7). Suitable views from various angles will show that they lie close to 
and upon the pleural plane of the interlobar fissure. Furthermore, they 
form a shadow denser than a node and neither rounded nor sharply 
defined like demonstrable nodes. A similar appearance suggesting an 
uncalcified node in the hilum may result from the clearing of an unstable 
consolidation, since the residual strands are commonly anterior. In 
these cases spots of calcium are usually disseminated among the strands 
and within the nodes of the hilum. 

The wedge form and homogeneous density of the benign consolida- 
tion persists until the late stages of clearing, when the lesion is situated 
almost wholly anteriorly or, less often, posteriorly. 

All of our consolidations of this group showed their maximum extent 
and density when first seen. This, together with the history of the ill- 
ness and the smooth homogeneity of the consolidation, suggests that 
the lesion develops rapidly. In one child (figures 1 and 2 of reference 7) 
the lung showed no abnormal density only three weeks before the consoli- 
dation was observed fully developed. In two other cases (for instance 
figure 3 of reference 7) the onset of the symptoms, chiefly cough, was 
within seventeen days of the time when the consolidation was recorded 
by roentgenographs. 

Tuberculin Reaction: In our cases the tuberculin reaction has been 


5 In one case (figure 3 of reference 7) the base of the wedge was wholly in the axilla. 
Twenty months after the date of the film shown in this figure, a few strands reach from the 
axillary level of the seventh interspace to the hilum. 
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strongly positive to the first dose in all but one case, when the child 
reacted to the second dose. 

Signs and Symptoms: The physical signs over these retrogressive infil- 
trations are almost invariably much less than over those consolidations 
of which a material part, as revealed by their course, is due to spots of 
caseation incapable of complete reabsorption. Limitation of movement 
is, according to Rathbun’s experience (11), more apt to be definite in 
children of preschool age than in those older than six years. Others (6) 
report movement equal on both sides. Medium rales were the only 
unmistakable sign in one of our cases. (See figures 1 and 2 of reference 
7.) In several others these were absent, and impairment of resonance, 
not flatness, was the most constant sign. In one case (figure 3 of refer- 
ence 7) no physical signs could be elicited. Voice- and breath-sounds 
may be unchanged; they are more apt to be diminished than increased, 
an opinion in which Rathbun (11) concurs. 

Underweight is not striking with retrogressive consolidations within 
the period of school years. Although marked underweight in preschool 
children is reported by some observers, we have not found appreciable 
underweight due to this lesion. In one child, who was continuously 
under observation before and during the development of a benign consoli- 
dation, there was a loss of two and one-half pounds (from 107 per cent to 
102 per cent). (See figure'1 of reference 7.) Certain children in whom 
underweight has been reported (6) suffered also from associated non- 
pulmonary tuberculosis and were much younger than the average 
among our children with consolidations of this group. In every instance 
it is desirable to know how well nourished the child was before the lesion 
appeared. Of course, when the children are first seen when their lesions 
are at the maximum extent, it is not possible to say that their weight 
has not been affected by the development of the lesion. The majority 
of our cases have been examined serially before they showed infiltration, 
and it is known that the lesion has produced little or no change in weight. 

The temperature has not exceeded 99.6° usually. Rathbun (11) 
found persistent high temperature in two young children in about their 
third year. In our children the highest temperature, occurring in a 
child of four, was only 99.8°. 

Cough was persistent in this child; in our other children it was transi- 
tory and slight, and without expectoration in the majority. The sputum 
is always negative. The child whose case is illustrated in figures 10, 11, 
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12 and 13 persisted in denying all symptoms despite searching cross- 


questioning. She appeared to be in perfect health. 
“1 Age: The cases that we consider should be placed in this group have 
a occurred in children of school age with one exception, the child of four 
of mentioned above. ‘Two were discovered by routine examination of 
~ school children; the remainder developed among children of families 
“ including a sputum-positive member that were under the care of the 
5) Henry Phipps Institute. It was not possible to examine the households 
ly of the two children discovered in the school survey. 
‘i Associated Lesions: In the majority of our cases there has been no 
. demonstrable associated lesion. In one (figures 12 and 13) the pulmo- 
6 nary infiltration developed in a child in whom caseous lymph nodes had 
’ previously been observed to shrink and calcify. 
1 Variations of Lesions: These consolidations are usually in one of the 
; upper lobes in young children (6) (11). They have occurred in the 
‘ middle and the lower lobes in the majority of our older children. Calci- 
1 fication of the lymph nodes was striking in two cases, in both preceding 
" the development of the consolidation. In the majority of our cases 


the children had lived in household contact with sputum-positive tuber- 
culosis, often for years. 


D: Diffuse, Childhood-Type Tuberculous Infiltration: The diffuse type 
of infiltration shown in the chart (column 1) is common in infants exposed 
to contact with sputum-positive tuberculosis. Many of these lesions 
are not suspected unless routine X-ray examinations are made. The 
infiltration is scattered or, if the individual spots that comprise it appear 
to lie relatively close together, it may involve only a small area of lung. 
Roentgenographs of infants should always be made to afford an oblique 
as well as a posteroanterior view, because of the large area of lung 
obscured by the heart. Otherwise small lesions will be missed. In 
the one or the other view, with rare exceptions, a diffuse infiltration can 
be unmistakably shown to have its base on the pleura and to invade, more 
or less discretely, a volume of lung that is roughly pyramidal. Further- 
more, only by tangential views can the full profile or extent of the lesion 
be shown. This is important in diagnosis and in prognosis, and as a 
basis for serial control of the course of the infiltration. Not all of these 
diffuse mottled infiltrations that are overlooked in the usual examina- 
tion are slight in extent or in density. 

These lesions, whether soft and recent (figures 14, 16 and 17) or older 
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and composed of strands interspersed with spots of calcium (figure 15), 
are the commonest of the infiltrations of the childhood type occurring 
in school children. Like the nodular necrosis, A, they may occur in 
any part of the lung, but are commoner in the lower half. This is not 
surprising, since many o them represent an extension of a primary lesion, 
A, and have, therefore, the same origin pathogenetically. In these cases 
calcification of the associated lymph nodes is not rare, an important 
point in the differentiation of D, especially when strand-like and basal, 
from nontuberculous infiltration. When, however, a strand-like infiltra- 
tion occurs in a lobe from which the lymph does not drain into the node 
that is calcified, or in the lung opposite to that showing calcification of 
the lymph nodes, the evidence afforded by the nodes has less weight 
in diagnosis. It has some weight, however, since in itself it is often 
evidence of severe exposure to contagion. 

Not all diffuse infiltrations of the childhood type clearly represent a 
primary pulmonary infection. In figure 1 the dense spot on the fifth 
rib lies in the midst of many strands arising from the pleura at the 
anterior level of the second and third interspaces. This lesion was 
recognized as a soft infiltration after calcium deposition had begun within 
the large primary nodule in the eighth interspace. The nodes shown in 
the hilum were also partly calcified at this first observation and appear 
to be referable to infection derived from the primary nodule rather than 
from the pulmonary infiltration. (See also figures 16, 17 and 18.) 

The most serious lesion of the diffuse type D, confluent broncho- 
pneumonia, may develop from the soft flocculent infiltration of first 
infection, especially in infancy, or in an older child who has been heavily 
infected after infancy. Again, it may develop in a child in whom a 
calcified primary nodule and associated lymph node give evidence of an 
earlier lesion that has remained limited (figures 17 and 18). The patho- 
genesis of this type is as obscure as it is interesting. In the case of the 
child whose lesion is reproduced as figure 18 a sputum-positive source 
was known,—a sister, who might have caused an early infection. Sub- 
sequent reinfection might have been due to another source, probably 
the father, whose health is questionable but who cannot be secured 
for examination. 

Progressive diffuse infiltration may show excavation soon after the 
lesion begins to increase. This has been striking in our cases that were 
not given adequate rest or who would not take it. Children with increas- 
ing infiltrations should be put at absolute rest in bed and examined 
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roentgenographically at short intervals. Early artificial pneumothorax 
may be required to arrest processes that do not respond to complete 
bodily rest. Prompt and adequate treatment alone will prevent exten- 
sive and permanent damage. The child illustrated in figure 18 has been 
in an institution but has been ambulant forfour years. The cavity has 
gradually increased in the left lower lobe, a most serious site for progres- 
sive tuberculosis in children, and within the last few months two other 
cavities have been formed, one in each apex. Noteworthy in not a few 
children is relatively slow progress of disease once excavation has 
occurred. Therapeutic measures suitable to the various stages have 
been established, and they should be applied vigorously. 

During childhood dense infiltrations, even with extensive cavity- 
formation, whether arising within lesions of the childhood type or in 
the axillary part of the apex, respond to rest in the most rapid and 
satisfactory manner. Cavities in children differ in almost every respect 
from the classical cavity of long-standing phthisis, which occupies the 
apex and, adhering to its pleura on all sides or connected with it by 
dense strands, is incapable of contraction and healing. In children 
excavation develops rapidly, usually 2 or 3 cm. below the pleura, and, 
being situated below the apex, for a variable period only a small part 
of its circumference approaches even one pleural surface. Tuberculous 
rarefactions in the lower third of the lung are not common, and excava- 
tion usually approaches only the thoracic wall, usually in the middle 
third. (See figures 16, 17 and 18.) The remarkable possibilities of 
healing of cavities in children are due to these factors, resulting in the 
excavated area’s being surrounded on all sides by lung substance, which, 
with the retrogression of infiltration, is again elastic, permitting the 
contraction of scar tissue. 

The confluent, progressive form of this diffuse lesion, D, is relatively 
rare in children of school age. Indolent lesions, made up of soft, strand- 
like shadows, and irregular unequal spots predominate. Others com- 
posed of dense strands and calcified areas are not uncommon. This is 
in harmony with the tendency of childhood infiltration to heal, as 
indicated by the mortality curve. Nevertheless, lesions that look soft 
should be closely supervised roentgenographically, and the children in 
whom they appear should be kept in good health. If the lesions appear 
to increase, absolute rest is necessary, since rapid excavation may occur. 
The response to rest is usually prompt; it should be maintained until 
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the lesion is wholly stable and strand-like, since rapid relapse may 
occur (12). 

Tuberculin Reaction: The tuberculin reaction is positive. It is of 
some value in differentiating these from nontuberculous infiltrations. 
Since among an unselected group of children, such as are examined in a 
school survey, the tuberculin reaction increases in frequency the older 
the child, a positive reaction is the more significant the younger the child. 
However, the strength of the reaction also has importance. Usually, 
at any age, the tuberculin reaction associated with diffuse tuberculous 
infiltrations, especially if soft or ill-delimited, is positive to 0.01 mgm. 
(See tuberculin table in reference 13.) On the other hand, the tuberculin 
reaction in children with nontuberculous infiltrations may be negative 
or positive only with the larger doses. This, of course, is only one 
element in diagnosis. Children who have high tuberculin reactions, 
because they live in households a member of which has positive sputum, 
are not immune from chronic nontuberculous pneumonia. However, 
in many children who have strong tuberculin reactions with pulmonary 
lesions, the site and conformation of the infiltration viewed from different 
angles will be fairly typical and permit differentiation between tuber- 
culous lesions of group D and the nontuberculous lesions of group X. 

Signs and Symptoms: Physical signs are variable. A fresh lesion, 
whether in an infant or an older child, may present inconclusive physical 
signs or none at all. The infant whose lesion is illustrated in figure 14 
showed only a few fine, piping rales localized over the infiltration at one 
examination made before the first roentgenograph. Subsequent exami- 
nations by several physicians were negative. Her sister, aged 26 
months, had an equally extensive lesion in the right upper lobe. This 
was entirely silent. Over the infiltration at the axillary level of the 
fifth rib in figure 1 rales, discovered at the age of 6 years, were the only 
definite sign. These fluctuated in number and area during examination, 
and at some examinations were absent. Eventually they entirely disap- 
peared, and they have not been heard for sixteen months although a 
definite infiltration persists. 

Such variability in physical signs, and especially in rales, is character- 
istic of the course of indolent lesions and of the early clinical stages of 
anatomically progressive infiltrations. In children of school age many 
infiltrations, composed of strand-like shadows and of irregular, ill-defined, 
unequal spots, are entirely silent, as regards both physical signs and 
symptoms, over many years. The boy whose film is reproduced in 
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figure 19 gave no history of illness, past or present. The lesion shown 
in figure 15 was serious irregularly from 1919 to 1922, but has been 
arrested within some five years of our observation. We have examined 
many children of school age with fairly extensive lesions similar to those 
illustrated. Fresh or unstable diffuse lesions usually present signs and 
symptoms sooner or later. In association with about half of the diffuse 
lesions that appear indolent and lack indications of stability, such as 
sharp dense strands interspersed with calcium, physical signs have been 
equivocal or absent, and there has been no definite history of illness to 
suggest when, if ever, these lesions caused symptoms. In other cases, 
there have been signs, for the most part a few mixed fine and medium 
rales. Lesions made up wholly of sharp strands and calcifications, and 
apparently healed, may or may not present signs, such as limitation 
of movement, rales and voice-sound changes. 

Weight is normal in many children in whom lesions are slight or 
indolent. In other cases, there may be definite underweight, amounting 
to 10 per cent or more, which, however, is not always clearly referable to 
the indolent lesion (14). The child whose film is reproduced in figure 15 
was 87 per cent of normal weight before her lesion was discovered; she 
gained rapidly in the sanatorium, and after her last period of treatment, 
extending irregularly over two years, she lost again to 89 per cent. She 
has remained at approximately this weight for nearly seven years, 
although the lesion has shown no material change, being strand-like and 
largely calcified. Physical signs and symptoms are absent. The tem- 
perature is not above 99.4°. The economic status is poor, the father 
being dead. 

With progressive lesions, loss of weight may be rapid. Then, unless 
complete rest is made available and taken, the weight remains low and 
fails to increase, even with gain in age and height. Retardation of 
growth also results. Nevertheless, children may regain weight, and 
the lesion may clear rapidly if adequate rest and food are provided. 
Maintenance and even gain of weight are not impossible while a lesion 
increases anatomically, but gain is not long continued unless the lesion 
soon starts to clear. (See figure 17.) 

Elevation of temperature may be trivial or absent in the case of 
slight and indolent lesions. Such occasional elevations as occur, to 
99.2° or rarely 99.4°, may be no more than those commonly found in 
otherwise healthy children whose temperature is taken as they come into 
the dispensary. In other cases, even with advancing infiltrations ac- 
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companied by cough, occasional night-sweats and other symptoms, the 
temperature may rise above 100° only irregularly. With temperature 
persistently above 100°, loss of weight is usually marked. 

The most constant symptom is cough. It may be absent or inter- 
mittent with slight lesions, when it usually is unaccompanied by expec- 
toration. It is constant and troublesome with lesions that are progres- 
sive or that fluctuate in extent. The sputum is usually positive with 
progressive lesions if persistent search is made. Small haemoptyses 
are not uncommon. Night-sweats may be intermittent. Fatigue, with 
deficient musculature and poor posture, is the rule. 

Age: Diffuse infiltration develops chiefly before the tenth year, but 
fresh lesions may be discovered in adolescence. (See figures 16 and 17.) 
Furthermore, strands may persist into adolescence in children whose 
lesions were severe during childhood. 

Associated Lesions: Lesions of the lymph nodes occurred in about two- 
thirds of a group of serious cases of which serial observations were made. 
In one of these a pulmonary infiltration was observed to develop one 
year after calcification of the nodes had been recorded (figure 16). In 
another case (figure 18) the lesion appeared not to be the cause of the 
nodal lesion. 

Variations of Lesions: The diagrams illustrate two extremes, both 
typical of this form of infiltration. Between these will be found a large 
number of lesions of varying extent, severity and instability. 


PARENCHYMAL LESIONS CHARACTERISTIC OF CHILDHOOD. E: MILIARY 
TUBERCULOSIS 


The roentgenographic recognition of this lesion offers few difficulties 
in a child. Generalized soft mottling can rarely have any other cause. 
In infants there are usually associated lesions that clinch the diagnosis. 
The prognosis is bad. 

Tuberculin Reaction: It may be negative, apparently because of the 
prostration of the patient. 

Signs and Symptoms: Scattered rales are commonly the only unmis- 
takable sign due to this lesion. Loss of weight is rapid. At the first 
examination of an infant, the weight may be slightly or not at all below 
normal. The temperature is elevated unless the patient is overwhelmed 
by the infection. Cough is the rule and is incessant; dyspnoea is usually 
marked and cyanosis frequent. 
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Age: This is the common terminal lesion in infants who are exposed 
to protracted infection. After infancy, it may occur at any age, for 
the most part in colored children, but it is relatively rare. 

Associated Lesions: A caseous pulmonary lesion, B or D, with involve- 
ment of the associated lymph nodes, characteristically precedes miliary 
tuberculosis of infants. 

Variations of Lesions: The diagrams illustrate two common forms of 
lesions preceding miliary tuberculosis. 


TRACHEOBRONCHIAL LESIONS. F: UNCALCIFIED AND G: CALCIFIED 


F: Tuberculosis of Tracheobronchial Lymph Nodes: Uncalcified: As 
has been noted above, the chart is based on lesions that are roentgeno- 
graphically demonstrable. Small and even moderately enlarged caseous 
tracheobronchial nodes, which together constitute the vast majority 
of all uncalcified lesions of these nodes, are not demonstrable roentgeno- 
graphically, and are still less detectable by other methods of physical 
exploration. They are recordable only in the event of massive enlarge- 
ment, and only then modify other evidences of infection. These points 
must be kept clearly in mind in the following discussion. Some take 
the position that a positive tuberculin reaction in a child who shows 
no pulmonary infiltration justifies a diagnosis of tracheobronchial tuber- 
culosis even without anatomical evidence of such a lesion. Such a 
diagnosis would indict practically all urban children at their eighteenth 
year despite evidence (2) that even those living in contact with sputum- 
positive disease, when they have no demonstrable lesions, are not made 
ill by their infection. The diagnosis of tracheobronchial tuberculosis 
is an anatomical one, and should be reserved for lesions anatomically 
demonstrable. The tuberculin reaction, when isolated, is to be inter- 
preted in the light of its intensity and the age of the person. 

Caseous necrosis of the tracheobronchial lymph nodes develops 
secondarily to a parenchymal infection of an unsensitized person, usually 
a child. The lymph nodes are involved along the line of lymphatic 
drainage from the parenchymal lesion. At postmortem section caseous 
deposits can be shown in a sequence of nodes that follow the bronchial 
branching back to the main bronchus, thence to the bifurcation of the 
tracheal trunk and up along one side of the trachea, usually the right 
(3). Bilateral or generalized involvement of the intrapulmonary lymph 
nodes does not result from a pulmonary focus in one lung. When, as 
commonly, there is a single parenchymal focus, the sequence of caseous 
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necrosis is distinctly centripetal, not centrifugal, tracing the anatomical 
line marked out by the arborization of the bronchial tree from the lymph 
node on the branch supplying that area of the parenchyma that contains 
the primary lesion, to its trunk, the trachea.® 

X-Ray Appearances: The intrapulmonary lymph nodes, for the most 
part lying in the angles (15) formed by the origin of the larger bronchial 
branches from the main-stem bronchus or lying between the branches 
that arise from the bronchus to the upper lobe, are situated amid struc- 
tures of roentgenological density equal to theirown. Even the outlying 
nodes draining the upper lobe, which lie above the bronchus to the upper 
lobe and are much the most favorably situated for recording, are crossed 
and surrounded by many large vascular branches, which not only com- 
pletely obscure the nodes containing small caseous areas, but break up 
the shadow of moderately enlarged nodes, so that their contour and 
density are hidden by superimposed, branching linear shadows that 
produce admirably the effects sought in the art of camouflage. The 
other intrapulmonary nodes, situated in the angles formed by the origin 
of branches from the main-stem bronchus, are much less favorably placed 
for recording. They are not only crossed and camouflaged by large 
vascular branches of density equal, per unit of volume, to their own, 
but lie upon the dense shadow of the arterial main-stem. In order for 
caseous nodes so situated to cast a perceptible shadow, they must 
enlarge so much that their diameter is at least greater than the calibre 
of the arterial main-stem. Only thus can their rounded contour project 
into and contrast with the air-bearing parenchyma. Even so, the 
contour is broken and obscured by vascular branches entering or leaving 
the lung at the same level. This is brought out in figures 21 and 22, 
which illustrate lesions the size and site of which were verified by post- 
mortem examination. 

In addition to these factors that obscure the shadows of caseous 
lymph nodes of even moderate size, systole and the rise and fall of pres- 


6 If the sequence of caseous involvement were centrifugal from, say, the paratracheal or 
subcarinal nodes, one would expect to find, in a considerable percentage of cases, that casea- 
tion spread in a chain down the nodes lying along the bronchi both into the right and left lung 
but reached the parenchyma only on one side. Pathological evidence of such a condition was 
lacking in a large series of lungs carefully examined (3) (4). Such an examination included 
a roentgenograph of the lungs, in most cases inflated, in order to guide section to paren- 
chymal densities that would be unperceived by the grosser methods of palpation for nodules. 
Other than postmortem evidence for such a matter cannot be considered since, intra vitam, 
many lesions remain undiscovered. 
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sure created by the pulse-wave (5) (16) render indistinct the shadows 
due to uncalcified intrapulmonary nodes. No trustworthy conclusions as 
to their presence can be drawn from a hilum shadow so blurred that 
neither arterial stem nor vascular branches are clearly defined (4). 

The sharply defined, dense, round or oval, homogeneous shadows 
scattered upon the arterial shadow and in the adjacent lung-field should 
usually not be ascribed to lymph nodes, especially if they are symmetri- 
cally disposed, multiple and bilateral. These spots are caused by 
blood-vessels that for part of their length present a column endwise to 
the X-ray film, so that they are recorded with the density of the length 
and the outline of an end of the columnar form. 

The only structures of a diameter less than the arterial main-stem, 
and yet not columnar, that could cast such dense shadows, would neces- 
sarily be of a much greater density per unit of volume than the artery. 
Somewhat rounded, homogeneous, sharply defined calcifications within 
nodes do occur not infrequently, but they are rarely multiple, and they 
are not disposed symmetrically and bilaterally. On the contrary, there 
are rarely more than two or three, and these are, of course, situated 
along the line of lymphatic drainage from the affected lung (figure 28). 
Since uncalcified nodes do not exceed the blood-vessels in density per 
unit of volume, they would have to assume a columnar form to cast 
shadows denser than the arterial main-stem and yet of smaller diameter. 
Although oval enlargement of a lymph node, so that one diameter is 
approximately twice the other, may occur, this form does not meet the 
physical requirements; that is, it is not dense enough to cast such a 
shadow. 

These requirements are satisfied only by a blood-vessel running for 
a distance parallel, or nearly parallel, to the axial beam of the X-rays, 
so that the density opposed to the X-rays by the vessel is that of a 
column from end to end of its length, which will be several times the 
density of the vessel at its transverse diameter. Postmortem section 
shows that it is not unusual for one of the larger branches arising from 
artery or vein to run in one direction for a distance as much as six times 
its diameter before it divides. When, as often, this direction is horizontal 
in the erect person, some of these vessels will be parallel to the ray and 
perpendicular to the film. 

The shadow of such a column superimposed upon the shadow of the 
artery will obviously be much denser than the shadow upon the artery 
of a caseous uncalcified node, of which the diameters are approximately 
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the same in both directions and not greater than the diameter of the 
artery. If the axis of the vascular column is only three times as great 
as the diameter of the lymph node, the relative density of the first 
shadow to the second will be as two to one. (See diagram 2.) More- 
over the node will be obscured by vessels crossing and surrounding it 
on all sides. The column made by the axially radiated vessel, proceeding 
directly toward the X-ray film, will be unobstructed, and will be recorded 
as a spot denser and sharper than would be possible for any uncalcified 
node not large enough to project into the parenchyma. 

Verification of this may be obtained in the living by slightly rotating 
a patient in whose film these shadows occur, so that the axis of the 
vascular column is no longer parallel to the incident beam of the X-rays. 
(See also figures 3, 4, 5 and 6 of reference 4.) 

Secondary effects due to tuberculous nodes (see figures 10, 11, 21 and 
22) haye been lacking in our cases. Symptoms are discussed later. 
Here it should be noted that in the films of none of these cases is there 
any indication of vascular engorgement, whether generalized or localized 
to any part of the lung-field. Not even where the nodes are enormously 
enlarged is there evidence that they interfere with the flow of blood, 
much less produce obstructive oedema. Appearances suggesting oedema 
or infiltration in the parenchyma immediately adjacent to the hilum 
should be verified by oblique exposures.’ In the vast majority of cases 
the lesion will be found in the anterior lappet or in the apex of the lower 
lobe, in which areas infiltrations, whether primary or representing exten- 
sion from a lesion in another part of the parenchyma, occur very much 
more often than in the other parts of the lung at the level of the hilum. 
Infiltration actually originating in the perihilar parenchyma, that is, 
pulmonary infiltration of the childhood type in the midfrontal plane, 
has occurred neither in our patients nor in a large series of excised lungs. 
This is in agreement with the evidence that the lymphatic flow is centri- 
petal toward the hilum, and against the view that extension into the 
parenchyma results from tuberculosis of the hilum nodes. 

An appearance that simulates uncalcified lymph-node enlargement 
with associated infiltration of the lung-field adjacent to the hilum results 
from the late stages of clearing of retrogressive consolidations, C, and 


7 One should never lose sight of the fact that in the roentgenograph there are recorded, 
on the one plane of the film, densities from all frontal planes from the anterior to the posterior 
chest-wall. Accurate definition of the site, relative density, and shape of an infiltration can- 
not be made by posteroanterior stereoscopic views alone. 
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certain unstable consolidations, B. (See figure 23, and figure 4 of 
reference 7.) As has been pointed out, such infiltrations for months 
and years leave persisting strands that converge beside the pleural 
surface to an apex in the neighborhood of the hilum (7). In conformity 
with the structure of the lung, built up of a series of pyramids or cones, 
these strands are gathered together at their tip and form over the hilum 
shadow a homogeneous density resembling a lymph node. Such a 
density is, however, irregular in contour and if traced peripherally, is seen 
to fray out into its component linear densities. This and heavy inter- 
lobar pleurisy, when its shadow crosses the hilum, are the chief appear- 
ances extrinsic to the hilum that simulate lymph-node enlargement. 
Of the intrinsic appearances the most important result from the rounded 
or oval shadows that are cast by pathologically enlarged vessels running 
more or less parallel to the axial beam of the X-rays. These result from 
cardiac lesions or from chronic, nontuberculous pneumonia and bronchi- 
ectasis. (See further under X: Nontuberculous Infiltrations.) 
Uncalcified nodes situated beside the trachea and bronchi, that is, in 
the mediastinum, cast no shadow unless they are so far enlarged as to 
bulge out the mediastinum. (See figure 21.) These nodes can become 
considerably enlarged yet remain within the lateral limits of the medias- 
tinum. After infancy there is a relatively wide space between the 
trachea and the spine, and lymph nodes rarely extend to the spine. 
(See figure 1, and figure 1 of reference 17, and figures 7 and 8 of reference 
4.) D’Espine’s sign has not coincided with demonstrable lesions (18). 
The enlargement chiefly displaces the areolar tissue of the mediastinum, 
and in none of our cases have the nodes by sheer bulk produced irritative 
or obstructive effects® (4). Bulging of the lateral mediastinal boundaries, 
that is, encroachment on the parenchymal space, depends largely on 
body type. The normal mediastinal boundaries vary, being wider in 
short thick-set persons. It is relatively rare that protrusion of one or 
more lymph nodes occurs in white children without serious parenchymal 
lesions. However, it must be noted that when a lymph node and an 


8 Through the kindness of Dr. A. Martin we have seen a specimen of a child aged 3,5 
years who died in the Babies’ Hospital, Oakland, California, of tuberculous meningitis. 
There was a large mass of lymph nodes situated to the left of the trachea. The trachea had 
been displaced to the right during life, apparently by the presence of the mass, which also 
narrowed the lumen of the left bronchus from above downward. There was, however, no 
atelectasis. The mass appeared to be bound to the left bronchus, but ulceration through the 
bronchial wall was not distinguishable grossly. There were no irritative or obstructive 
symptoms,—neither cough, dyspnoea nor cyanosis. 
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infiltration are associated, the latter may be absorbed first, leaving only 
the nodes demonstrable (figure 20). With absorption of the infiltration, 
usually a diffuse one, the prognosis is greatly improved. When nodal 
bulging occurs in children with no other demonstrable lesion than that 
of the lymph nodes, it is usually unilateral and due either to the node 
above the left bronchus, appearing beside the aortic curve, or to the right 
paratracheal node. 

Bilateral mediastinal bulging caused by nodes occurs chiefly in infants 
with severe, usually fatal pulmonary infiltrations. In older children 
such enlargement is rare except in the colored race. As postmortem 
examination shows, and as calcifications recordable in the living indicate, 
nodal caseation usually reaches much greater proportions when it occurs 
within the mediastinal lymph nodes than when within those of the hilum. 

Prognosis: Uncalcified tuberculous lymph nodes sufficiently enlarged 
to be demonstrable are, then, a very serious finding, especially if multiple. 
The outlook is clouded for any white infant or child in whom multiple 
enlarged nodes projecting from both hilum and mediastinum can be 
recognized. 

We cite here four cases, occurring in other than colored children, in 
which enlargement of the mediastinum or hilum has been referred to 
massive enlargement of nodes presumably caseous in part at least. 


One boy, aged 10 3/12 years, had a small diffuse infiltration of the middle 
lobe, and there were faintly outlined oval masses in a hilum shadow that was 
not only broadened but sharply defined (that is, not an artefact due to move- 
ment). The right side of the mediastinum appeared to project abnormally, 
although it must be remembered that the normal breadth of the mediastinal 
shadow is dependent on body-type, being broader in the short, thick-set, deep- 
chested type to which this boy conforms. The tuberculin reaction was posi- 
tive to 0.01 mgm.; the weight was 95 per cent; there were no symptoms. The 
boy did not maintain weight; rales appeared over the infiltration and the tu- 
berculin reaction increased in intensity. He was persuaded to go to a sana- 
torium. When examined recently, the pulmonary lesion was less and the 
lymph nodes smaller. Calcific infiltration is beginning. 


The films of two additional school children not of the colored race showed 
rounded projections into the parenchyma, chiefly from the mediastinum. One 
of these children (see BC-11 of reference 13) was of Chinese, the other of Greek 
parentage. The appearances in both cases suggested enlarged lymph nodes, 
although in the former the constancy of the shadow over a period of nearly two 
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years is noteworthy. However, we have seen a similar persistence of nodal 
masses for more than sixteen months in a colored child. 


An Italian child, aged 4 2/12 years in May, 1928, presents an important case, in 
which an enormous isolated uncalcified node was clearly recognizable. Her 
roentgenograph, reproduced in figure 20, is of interest for the illustration it 
affords of the essential anatomical obstacles preventing the recording of smaller 
nodes. The hilum shadow, chiefly reproducible as the shadow of the arterial 
main-stem descending into the lower lobe, appears as a narrowing, pencil-like 
shadow separated from the heart by a clear area representing the space occu- 
pied by the bronchus. Projecting from the arterial shadow is a rounded 
opacity. This maintains its spherical contour in films taken in the oblique as 
well as in the posteroanterior position. This nodal shadow is not denser than 
the hilum shadow, a complex product of the artery and of many branches, 
chiefly arterial and venous (5), that run across it at various angles. (See 
figure 1 of reference 5.) Nor is the density of the hilum shadow notably in- 
creased at the level at which a part of the nodal shadow overlies it. This fact 
is brought out by careful examination of synchronized exposures of this and 
other cases having demonstrable uncalcified nodes, and has an important bear- 
ing on the possibilities of detecting uncalcified nodes. It has been confirmed 
when calcium infiltration later widely invaded the nodes, proving that the 
rounded masses had been largely caseous. 


Through the kindness of Dr. W. L. Rathbun, I saw films of another 
white school-child with multiple enlarged uncalcified nodes confined to 
the hilum. In this child an infiltration subsequently developed and 
the prognosis is bad. 

Among a relatively small number of infants, both white and colored, 
children of families under our observation, we have seen none in whom 
demonstrable lymph nodes occurred without pulmonary infiltration. 
The association of recordable nodes with infiltration adds to the serious- 
ness of prognosis. We have, however, seen one young infant (figure 2) 
who improved decidedly despite the presence of a consolidation associated 
with what we believe to be multiple caseous uncalcified nodes, although, 
it is true, they could not be recorded except in the rotated position.® 
Following the breaking of contact with the infecting source, a maternal 
aunt, at seven months of age, this infant showed a succession of increases 
and decreases of the area of lung involved, the spreads being accompanied 


9 Broadening of the mediastinum due to the thymus, and that resulting from exposure 
of the film during expiration must be ruled out in determining the presence of lymph nodes. 
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by fever. However, he appeared to be well on the road to recovery in 
January, 1929. At this time an attack of acute bronchopneumonia 
caused a fatal outcome. 

With like adequate care and early breaking of contact it should prove 
possible to carry through to a successful outcome not a few young 
infants in whom multiple enlarged nodes are associated with tuberculous 
pulmonary infiltration. There is little doubt that in the case cited only 
the acute bronchopneumonia prevented recovery. The tuberculous 
lesion had decreased markedly in size, showing dense strands apparently 
mixed with spots of calcification. 

I am indebted to Dr. J. Claxton Gittings and Dr. Henry K. Pancoast 
for the opportunity to follow the records of this case after hospitalization. 

In colored children, both before and during school years, demonstrable 
uncalcified nodes are not uncommon. We have recently seen three 
children in whom such nodes, occurring without demonstrable pulmonary 
infiltrations, decreased in size and disappeared or calcified without 
producing illness at any time. (See figures 10 and 12.) 

We have been able to follow eleven colored children past infancy, 
seven being of school age, who presented demonstrable lymph nodes 
in association with pulmonary infiltrations. See D-6.1° These children 
have been observed for periods varying from one to four years: four 
appear likely to recover, two after serious illnesses; one is dead and the 
six others have far-advanced pulmonary disease, in two cases with associ- 
ated extrapulmonary lesions. 

Lastly, in considering prognosis, it seemed desirable to examine films 
showing striking examples of calcified tracheobronchial nodes, to find 
how often extensive calcium infiltration within or beyond the hilum 
shadow or mediastinal boundaries indicated that demonstrable lymph 
nodes had gone on to calcification. 

Of 312 school children presenting the lesion, 13 showed this occurrence. 
Films of BC-2,!° BC-9, BC-14, A-7 and A-14, the last two of colored 
children, showed calcification extending beyond the lateral margin of 
the hilum shadow. There is little reason to doubt that in all of these 
cases nodal enlargement would have been demonstrable before calcium 
infiltration occurred. In the films represented in BC-21, F-26, E-10, 
G-1 and G-13, the calcific deposit does not extend beyond the zone beside 
the arterial shadow where the many branches entering and leaving the 


10 This form (for instance, D-6, BC-2) refers to the chest diagrams and histories of cases 
reported in the accompanying articles (reference 13). 
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hilum form a dense meshwork. It is uncertain but not improbable that 
the lymph nodes would have been demonstrable before calcium had been 
deposited inthem. -21, E-22 and G-J0 show cases in which the calcified 
mass on the mediastinal margin is so far lateral as to suggest that the 
node enclosing the calcium would have caused a definite rounded projec- 
tion of the mediastinal contour. One or two lymph nodes massive enough 
to be roentgenographically demonstrable not uncommonly go on to 
calcification, but the event is relatively infrequent. Among children of 
school age such cases constitute about 5 per cent of those who have 
demonstrable tracheobronchial tuberculosis. Children showing calcifi- 
cation of multiple nodes clearly large enough to have been demonstra- 
ble while uncalcified are very rarely observed. 

The largest nodes, it may be remarked, are usually subcarinal. These, 
when calcified, are recordable in oblique views. Enormous calcified 
masses may be shown in this situation without a history or any evi- 
dences of ill health. 

In the above description of the tuberculous lesions occurring within 
the mediastinum and within the limits of the hilum proper the term 
tracheobronchial lymph-node tuberculosis has been used. Extension of 
the tuberculous process beyond the limits of the lymph-node capsule, 
although not a pathological curiosity, is relatively rare and usually 
incompatible with recovery. This is true whether it is a matter of 
perforation into artery, bronchus or vein, or of extension into the areolar 
tissue of the mediastinum or into that of the hilum, the latter a scanty, 
delicate sheath, roentgenographically imperceptible at all ages. The 
areolar connective tissue of the hilum is increased neither by tracheo- 
bronchial tuberculosis, nor by recurrent or chronic nontuberculous 
infections. The greater prominence of the hilum shadow as age advances 
is due not to pathological changes, but to the increased diameter of the 
vessels supplying the correspondingly increased volume of parenchyma. 
If due consideration be given to the fundamentals, namely the properties 
of the roentgen-ray, the anatomical structure of the hilum, the extent 
and duration of the effects of systole and the pathology of tuberculosis, 
lesions of the nodes will be recorded with an accuracy that will suggest 
the pathological condition present, and artefacts will be regarded as the 
evidence of a still imperfect technique, largely referable to the limitations 
of generally available X-ray apparatus. 

Radiographically demonstrable enlargement of mediastinal or intra- 
pulmonary lymph nodes caused by acute infections has occurred neither 


ka 
ag 


564 F. MAURICE McPHEDRAN 


in a series of 400 excised lungs (4) nor in a large number of children 
examined during and immediately after acute bronchopneumonia, 
measles and other illnesses of childhood. This is further discussed un- 
der X: Nontuberculous Lesions. 

Tuberculin Reaction: A strongly positive tuberculin reaction is the 
rule. In one colored child with enormous lymph nodes, apparently 
caseous, the reaction was negative at first but later became strongly 
positive. This child recently has developed an apical infiltration. 

Signs and Symptoms: In six children, of whom four were colored, and 
one of Greek and one of Chinese parentage, uncalcified nodes were, for 
a period of months, the sole demonstrable lesion. Three (BC-J0, 
BC-11, and one other) were discovered in the school survey, and it was 
not possible to examine their households for a source of infection. Each 
of the others lived in household contact with a case of pulmonary 
tuberculosis. 

Two of the six children subsequently showed pulmonary lesions, one 
of which is serious at the date of writing, the other of the benign retro- 
gressive type. (See figure 12.) The lymph-node lesions of two others 
have decreased, in one case becoming calcified. The fifth child was 
reported well and refused reéxamination; the sixth has an apparently 
constant lesion. 

The blood-picture in all of these children was normal. 

The obstacles in the way of demonstrating enlarged lymph nodes by 
percussion are great, and in all but a few children, chiefly infants, they 
prove insuperable. As oblique exposures show, the hilum nodes, situated 
about midway between the anterior and posterior chest-walls, are over- 
laid by a layer of parenchyma, the absolute and relative depth of which 
is dependent largely on the depth of the chest. Furthermore, even in 
the most unusual cases (see figure 10), the nodal projection is not more 
than a few millimetres, occasionally about 1 centimetre. This projec- 
tion is limited to a rounded contour, which, as it emerges from behind 
the arterial main-stem, is still encased, not by homogeneous parenchyma, 
but by parenchyma matted by a tangled thicket of vessels. It would 
be difficult to conceive a condition better calculated to conceal changes 
in percussion note even were systolic movements obviated. Its effective 
camouflage against recognition by the X-rays has been discussed. 

Abnormal parasternal impairment may be recognized in infants as a 
result of general broadening of the mediastinum due to caseous lymph 
nodes. The layer of lung over the lymph-node masses is thin in infancy 
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and the lesion may be enormous, chiefly in fatal cases. After infancy 
the thickness of the layer of lung increases rapidly, and the lymph-node 
lesions usually lie wholly within the mediastinal boundaries, which are 
subject to much wider variations as a result of differences of body-type 
and depth of respiration than because of lymph-node enlargements in 
any but exceptional cases. 

Muscular spasm was absent in all our cases. We do not understand 
how it might be caused, unless it be assumed to result from the tubercu- 
lous process within the node. Extension of caseation through the nodal 
capsule is, as noted elsewhere, unusual!! and serious, and likely to result 
in both lesions and associated signs that would obscure localized mus- 
cular spasm. As noted above, there is very rarely an anatomical basis 
for D’Espine’s sign, except in infants. We have not found it of value 
in diagnosis. 

The spleen was enlarged in one girl, who subsequently developed a 
very serious pulmonary infiltration together with multiple subcutaneous 
nodules which broke down, producing dirty ragged ulcers. 

Weight was 97 per cent in the child illustrated in figure 10. It was 
below 90 per cent in only one case, the Greek child, whose reéxamination 
was refused because her mother said she was well. In the others, it 
was 90 per cent or better, not abnormal for our dispensary and school 
population. Economic conditions in three of these cases, children of 
families under our observation, were known to be bad. Two children 
gained rapidly on being fed properly. Their gain in weight preceded 
decrease in the size of the lymph nodes. Significant elevation of tem- 
perature was not present; the highest was 99.2°. 

Cough referable solely to pressure, that is, cough other than that 
reasonably ascribable to brief winter colds, was absent, nor do we under- 
stand by what mechanism it may be produced, except by mechanical 
occlusion of a bronchus. Thisis rare. Moreover, to ascribe a transient 
or even a recurrent spring or winter cough to a lesion that develops and 
changes slowly seems a doubtful correlation. It has been pointed out 
elsewhere that, except in infants and preschool children, nodal enlarge- 
ment may reach enormous size without extending to the spine. (See 


11 Diffuse tuberculous mediastinitis, that is, tuberculous invasion through the capsule of 
a lymph node into the areolar tissue of the mediastinum, is very rare without a rapidly fatal 
issue. Recently a case in which such a lesion occurred, with relatively slow subsequent in- 
vasion of the adjacent lung, verified by autopsy, has been noted by Dr. Karl Kornblum and 
Dr. D. A. Cooper (personal communication), 
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figure 1, and figures 7 and 8 of reference 4.) Pressure without such a 
point of counterpressure, pressure due to the intrinsic weight of the node 
and pressure effects without damage to the bronchial wall are hazardous 
hypotheses to explain a symptom that is, in any case, not more common 
in tuberculin-positive contact children who have no pulmonary infiltra- 
tion than it is in the tuberculin-negative. Symptoms due to extension 
of tuberculous infiltration into the bronchial wall are rare, and cannot, 
of course, be ascribed to the node. 

Associated Lesions: In infancy caseous lymph nodes are usually 
associated with pulmonary infiltration, usually a consolidation, less 
often a dense diffuse infiltration. In some children, the infiltration, 
usually a diffuse one in these favorable cases, may retrogress to a few 
inconspicuous strands while the node calcifies, shrinking slightly. Views 
from more than the posteroanterior angle are sometimes essential to 
reveal the pulmonary lesion. In colored children, as noted, we have 
seen caseous nodes with and without pulmonary infiltrations. 

Variations of Lesions: As shown in the left-hand diagram, a consoli- 
dation close to the cardiac border may be inconspicuous, especially if 
the film is made during expiration. 


G: Tuberculosis of Tracheobronchial Lymph Nodes: Calcified: These 
are the most common demonstrable tuberculous lesions of childhood. In 
the intrapulmonary nodes, lying, as has been pointed out, chiefly lateral 
to the bronchus upon the arterial main-stem shadow, these lesions are 
readily recordable even when calcium infiltration is delicate, provided 
exposures are rapid enough to prevent blurring. The shadow is typically 
granular, or crenated and lamellated, with an irregular outline. When 
the shadow is small, round and dense, and likely to be confused with 
those oi vessels axially radiated, it can be differentiated by rotating the 
patient and retaking the film from another angle, as described above. 

Tracheobronchial calcifications of the lymph nodes situated beside 
the trachea, in its bifurcation and along the extrapulmonary bronchi, 
can rarely be shown in the posteroanterior position unless they are 
moderately large and very dense. The oblique position, with the left 
anterolateral chest-wall against the film and the right arm above the 
head (19) (4), a position midway between the posteroanterior and the 
lateral, shows the trachea, its bifurcation and the extrapulmonary course 
of both bronchi. In the lateral position, the interbronchial angle is 
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not visible, and the other mediastinal sites of lymph nodes are obscured 
by the superimposed shadows of the root arborizations. 

Prognosis: Demonstrable tracheobronchial calcification is an index 
of severe infection. The lesion is most common in contact children, 
and must be regarded as suggesting intimate contact with sputum- 
positive tuberculosis (1). Children who show such lesions should be 
supervised during adolescence. The closeness and duration of such 
supervision should be largely determined by other evidences of contact. 

The presence of a calcified tracheobronchial lesion suggests that the 
child’s initial infection was large or that it received a massive second 
infection at a time when its relative resistance resulting from a trivial 
first infection had largely disappeared. Such massive infections are 
usually the result of intimate contact, to which the lesion points. Mas- 
sive infection may have occurred and ceased in early childhood, or it may 
have occurred or been continued toward the years of puberty. If the lesion 
represents the former condition it has decidedly less significance than if 
it represents the latter. 

In determining the time and duration of infection it is essential to 
remember that tuberculosis is a family disease. If the history suggests 
that contagion began and ended years ago, as by the death of a parent 
from tuberculosis, it is still important to make sure that some other 
member of the family, acquiring this insidious disease from the original 
contact, has not since unwittingly become a source of reinfection. An 
older brother, for example, may have been infected by the parent at 
about the age of puberty, when he was more likely than the younger 
children to develop a lesion that would constitute a source of infection. 
He may be now transmitting his infection to the younger children as 
they approach the same dangerous period in their lives, when the majority 
of the lesions in children that become clinically manifest develop. 

Furthermore, it is clear that a child who is first exposed to massive 
intimate infection about the age of puberty, by which time he is likely 
to have been mildly infected during his school years, is much less liable 
to suffer a massive and demonstrable lymph-node lesion, such as com- 
monly results from similar exposure of uninfected children. His apical 
lesion, if one develops, is likely to be unaccompanied by a demonstrable 
lesion of the lymph nodes. 

Demonstrable tracheobronchial calcification, then, suggests severe 
infection. It occurs approximately five times as often among contact 
as among noncontact children (1). Its current significance is broadly 
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indicated by the tuberculin reaction. If this is negative, the lesion in 
most cases points to an obsolete infection. When the tuberculin reaction 
is positive, as is usually the case, the closeness and duration of the super- 
vision suitable for the child in whom the lesion occurs depend primarily 
on other evidences of contact and the age of the child. If contact with 
a sputum-positive case exists, it should be broken. The intensity and 
duration of exposure to infection are the major factors in producing tuber- 
culous disease at all ages of childhood. If contact has been definite and 
prolonged but has ceased, the child’s living conditions should provide 
adequate rest, freedom from overstrain both mental and physical, and 
the maintenance of weight slightly but definitely above normal. These 
measures, of particular importance during adolescence, should not be 
so directed that a life of invalidism results. On the other hand, evidences 
of well-being, in particular vigor, good color, and overweight, should not 
lead to cessation of precautionary measures, including a somewhat 
guarded life and annual roentgenological examination. Progressive 
latent lesions often arise and spread in children of outstanding vigor 
and physique (2) (20). Rathbun particularly emphasizes the dangers 
of competitive sports (11). 

The measures outlined are suitable for all contact children without 
regard to the demonstrability of tracheobronchial calcifications. 

The association of a calcified tracheobronchial node and an active 
tuberculin reaction in a child concerning whom there is no evidence of 
contact is difficult to evaluate. A large number of such children will 
be found in school surveys and their annual roentgenological examination 
would be a large undertaking. Probably, for this group, two roentgeno- 
logical examinations, one at the thirteenth and one at the sixteenth 
year, would be a reasonable compromise. Of course, in addition, the 
children should be kept in good health, but restriction of activity, in the 
absence of proved contact, is of doubtful wisdom. 

Tuberculin Reaction: The tuberculin reaction in most instances (1) 
is strongly positive to 0.01 mgm. If the reaction is negative to 1 mgm. 
the lesion is probably obsolete. 

Signs and Symptoms: There are no clinical evidences of this lesion 
(4) (21). See also chart or text under F. 

Age: Calcification of the lymph nodes is relatively rare before the 
second year, but increases steadily thenceforward. 

Associated Lesions: The parenchymal primary focus is frequently 
obscured by ribs, diaphragm or mediastinal structures. Of the child- 
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hood-type pulmonary lesions associated with tracheobronchial calcifica- 
tion, diffuse infiltrations are the most common for reasons given above 
under B and D in chart and text. Apical lesions begin to appear after 
the twelfth year. : 

Variations of Lesions: The diagrams are self-explanatory. 


H: APICAL, ADULT-TYPE LESIONS OF ADOLESCENCE 


The apical lesions of adolescents occur in a number of different forms. 
Spots, sometimes confluent, sometimes discrete, and showing great 
variety in size, density and definition, form the majority of the lesions. 
Together with the spots or alone there sometimes occur somewhat 
strand-like shadows that run toward the hilum. Strand-like appear- 
ances should not be given great weight in making a diagnosis of apical 
lesions, unless the strands clearly arise from the pleura and at the same 
time are more numerous or densest near the pleura; often they are 
associated with spots lying between them. In many cases the apparent 
strands decrease toward the pleura; they are then usually referable to 
vessels, the density of which is emphasized by the superimposition of 
the mottled shadows of the infiltration, when present. Possibly also 
the vessels are rendered more prominent because they run into tissue 
that has lost its elasticity because of infiltration (5). In any case, as 
has been pointed out, the prominence of vessels is not due to selective 
deposition of tubercles about them. 

In a group of cases that are now receiving great attention in the 
literature (22) (23) (24) (25), the apical infiltration attains its greatest 
density below the level of the clavicle. In most cases the maximum 
density, usually posterior, appears in the film below the third or fourth 
rib posterolaterally and can be shown to be part of an infiltration that 
has descended from the extreme apex. We have often observed the 
occurrence of this development, the process occupying over a year in 
the boy illustrated in figures 30 and 31. In a smaller group of cases 
invasion of the extreme apex cannot be shown, largely, we think, owing 
to technical difficulties resulting from the structure of the apex. The 
narrow border of lung adjacent to the pleura, which, as postmortem 
examination shows, is more often involved than any other part of the 
apex, is a peculiarly unfavorable site for the demonstration of a lesion. 
The arch of the ribs, the small volume of the lung and the great thickness 
of the overlying muscles combine to render this area very hard to examine 
thoroughly. 
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The essential requirement is to record the apex as fully as possible 
and with such roentgenographic density as will show the vessels, in 
which event most spots and strands of early infiltration of size equal to 
the vessels will be represented. As has been pointed out (2), the exposure 
of the average film is calculated for the whole chest, and the apex, a cone 
of lung diminishing to its tip and covered by an increasingly thick layer 
of muscle, is not adequately exposed. Furthermore, the usual position, 
with the hands on the hips and the shoulders high, not only throws the 
clavicle over a large part of the apex, but, by making the clavicle promi- 
nent, raises curving layers of skin and subcutaneous tissue on the chest- 
wall above and below the clavicle. These, together with the sharply 
defined arch-like shadow of the subclavian vessels, produce a most 
unequal shadow, far removed from the uniform background on which 
the slighter changes in density may be perceived. The minimum 
obscuration of the apex, as far as the anterior chest-wall is concerned, 
results when the clavicle runs horizontally outward, coinciding mesially 
with the tip of the first rib. This is attained when the elbows are slightly 
flexed and the arms are rolled outward, the backs of the hands touching 
the outer surface of the thighs. The patient is told to reach far down 
while still keeping the hands turned. The scapulae are completely 
removed from the chest posteriorly as long as the outer sides of the 
flexed elbows touch the cassette-changer. Unless the scapulae are thus 
displaced, they cover the important axillary part of the apex. 

The first rib lies at the top of the apex and the second only slightly 
below it. The extreme apex is best recorded when the axial beam of 
X-rays passes below the second rib. In this way the part of the lung 
abutting on the apical pleura is recorded as far as is possible. It is 
below the pleura that tuberculosis arises and along the pleura that spread 
occurs. ‘There is a tendency for soft densities to be merged with and 
lost in the density of the heavy chest-wall on which they abut, and 
densities on the anterior and posterior walls of the apexare rarely recorded. 
They merely narrow the volume of lung in which other spots of infiltra- 
tion must be recorded. When the axial beam passes below the second 
rib, scanty infiltration based on the extreme apical pleura is recorded 
in profile as wedges or as salients resembling an inverted mountain range. 
However sharply defined these may appear they should never be dis- 
missed as scars, when occurring in children, without serial observation 
for at least three years. (See figure 24.) 

Commonly apical infiltrations appear as irregular masses or wedges 
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resulting from the confluence of spots comprising the lesion. This 
form is liable to excavate and spread rapidly. 

Attention should be directed to the danger resulting from the tendency 
to label as a scar some apical infiltrations in children merely because they 
are composed of strands and a few spots. No apical lesion in a child 
should be dismissed as a scar unless it is composed exclusively of calcium 
and sharply delimited dense strands (2). All others require careful 
oversight. (See figures 24, 25, 26, 30, 31 and 32.) Roentgenographic 
supervision of all children showing uncalcified apical infiltrations is 
essential, the interval between examinations being determined, as long 
as symptoms remain absent, by the age of the child, the appearance of 
the lesion, and the nature of the contact with the source of contagion. 
The more recent and prolonged the contact, the nearer the child to the 
adolescent age-period, and the larger and less sharply delimited the 
opacities, the shorter should be the interval between roentgen-ray 
examinations. 

If an infiltration appears soft and cloudy, rest in bed should be insti- 
tuted at once. To await the development of symptoms before attempt- 
ing to arrest anatomical damage and cause retrogression is to let 
slip the most favorable opportunity for preventing the development of 
clinical disease with its much more clouded prognosis (2) (12). Sudden 
spread and rapid excavation, the important characteristics of tuber- 
culosis in adolescents, may develop with trivial symptoms such as may 
be dismissed by the patient as no more than the manifestations of a 
transient respiratory infection. It is true that simultaneously with 
the development of symptoms the lesions extend, but these spreads are 
not by any means always synchronous with the onset of symptoms. We 
have many times observed a soft anatomical increase long before symp- 
toms secure the codperation of the patient in the business of getting him 
well. In one case (figures 27, 28 and 29) a soft lesion advanced for a 
period of about six months and a cavity developed before the child 
perceived symptoms. She had been strongly urged to go to bed at 
least five months before she became aware of cough and felt ill. (See 
also figure 2 of reference 2. The illustration now on page 489 is actually 
figure 1, while that on page 488 is figure 2. The legends are correct as 
they stand; that is, the legend on page 488 belongs to figure 1, and the 
legend on page 489 belongs to figure 2; only the figures should be 
transposed.) 

The utmost care, patience and persistence are essential to persuade 
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an apparently healthy adolescent, who works and plays and feels well, 
that rest in bed is urgently needed (figure 33). A like incredulity is all 
too common among physicians. Furthermore, long waiting-lists and 
inadequate numbers of infirmary beds prevent the prompt institution 
and maintenance of bed-rest, which is essential to arrest these destructive 
processes. Insufficient appreciation of the fundamental principle in 
the care of tuberculosis, not to take even a small chance of a great 
disaster, continues to exact a heavy toll of invalidism and perma- 
nent disability. 

On the other hand, the results of rest on these lesions is little short of 
amazing. ‘The dense, often homogeneous, infiltration, surrounding areas 
of excavation, breaks up into patchy densities, which gradually clear. 
The “soft” thick cavity-walls become less and less conspicuous, decreas- 
ing to a delicate circle that can be demonstrated only by soft rapid 
exposures. This, under proper care, will eventually contract and disap- 
pear. As has been pointed out, such resolution depends on the relatively 
deep situation of these cavities and on the restoration of elasticity to the 
surrounding lung whereby contraction of scar-tissue is made possible. 
After the lesion has apparently almost wholly cleared, rest should be 
continued for some weeks (12). Rapid and serious relapse may develop 
unless the lesion is allowed to become stable. Stability is indicated by 
the formation of dense, sharply defined strands that do not change over 
a period of weeks. Accurate and comparable films are necessary to 
determine when relaxation of the strict regimen of rest may be allowed. 

It is difficult to place too much emphasis on the need of securing 
evidence of stable repair before adolescents are returned to their homes. 
Impatient of advice and restrictions that mark them out from their 
group, they are entering a period of heavy economic and emotional 
strains. One could scarcely conceive of a more wasteful policy than is 
implicit in the discharge of young adults, free, it may be, from symptoms 
and signs, but carrying unstable lesions. In many cases they remain 
on their feet only long enough to give hostages to fortune, before they 
embark upon the too familiar round of relapses, interrupted by periods 
of decreasing working efficiency. Economic loss, to say nothing of 
other values, is obviously involved in the inability of the patient to live 
a normal and active life for any length of time. His children, often 
seriously infected, add to the charges on the community. Infirmary 
beds should comprise a large part of those at the disposal of the sanato- 
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rium physician. Quite apart from the ultimate economic losses to 
society, it may be doubted whether the sanatorium cost of adequate 
infirmary-bed treatment under accurate X-ray control for the relatively 
short continuous period necessary to effect permanent stability, is ac- 
tually higher than the smaller daily cost of treatment, mainly am- 
bulatory, dragged out through many relapses. 

Tuberculin Reaction: The tuberculin reaction is positive to 0.01 mgm. 
in the majority of children who present apical infiltrations. But a 
lesser reaction does not preclude the possibility of their development. 
When a child is known to have lived recently in household contact with 
sputum-positive tuberculosis, a reaction to as little as 0.1 mgm. should 
not lull one into security. (See figures 27, 28 and 29.) Care is, perhaps, 
more necessary if there is other evidence, such as tracheobronchial 
calcification, that prolonged infection has occurred. (See section on 
Tracheobronchial Tuberculosis, Calcified.) 

Signs and Symptoms: Physical signs are often absent for months and 
even years over anatomically progressive apical infiltrations. (See 
figures 24, 28, 31, 33 and 34.) In many cases rales are first perceptible 
as the soft, flocculent density of an infiltration is replaced by sharply 
delimited strands. 

Weight may be little or not at all influenced by a progressive lesion. 
However, the ability to gain weight is an important indication, as 
long as a lesion does not increase in density, that the treatment is proving 
effective. Too much importance, however, can be attached to gain in 
weight. Gain in weight accompanies successful treatment, but it may 
also occur with a spread of infiltration, when it too often lulls both patient 
and physician into a disastrous sense of security. 

Elevation of temperature has been absent with many progressive 
apical infiltrations. Its absence is no warrant that the lesion is negligible. 
Similarly other symptoms cannot be relied on to indicate whether a 
child showing an apical lesion needs treatment. 

Cough has been the earliest symptom reported in the case of most chil- 
dren whose latent lesions become manifest. Fatigue follows hard after. 

Age: This is chiefly about the time of puberty and is earlier in girls. 
Apical lesions of the adult type not infrequently occur in early childhood. 
Associated Lesions: Tracheobronchial calcifications are the most 
common. 
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Variations of Lesions: 'The diagram on the left corresponds to figure 
24. That on the right shows another variation. 


X: CHRONIC, INFECTIOUS, NONTUBERCULOUS PULMONARY LESIONS 


These infiltrations are commonly mistaken for the childhood type of 
pulmonary tuberculosis. Except that they do not constitute a source 
of such serious infections in others, they are not less important in school 
children, and can, and, if untreated, often do effectively cripple the 
persons in whom they occur. The lesions predominate on the left side 
in the lower lobe and if both sides are involved, as is often the case, 
much more commonly than with tuberculous infiltrations of the childhood 
type, that on the left is usually the more severe (figure 37). In the 
posteroanterior position the earliest stage is usually recognized as an 
irregular, ill-delimited opacity obscuring the left cardiac margin (see 
figure 36), or, if on the right, filling the cardiodiaphragmatic angle. 

Exposures must be sufficiently rapid to eliminate the effects of cardiac 
movement. The occurrence of systole during exposure may cause 
blurring of the cardiac margin sufficient to simulate infiltration. On 
the other hand, slight infiltration, severe enough, nevertheless, to cause 
symptoms, may be imperceptible in the confused paracardiac lung-field 
that results from exposure at the beginning of systole. Only sharp, 
truly stereoscopic films, such as are produced by synchronized exposures, 
will bring out the normal arborization and reveal departures from it 
caused by some of these scanty infiltrations. However, most moderate 
and manyslight infiltrations will be discernible with exposures not exceed- 
ing one-sixth second if careful comparison is made of the form and sym- 
metry of the vascular arborization right and left. Localized unilateral 
prominence of trunk-markings, especially if their symmetry of arboriza- 
tion is disturbed, should always lead to careful search, upon or close to 
the cardiac contour, for irregular patches of opacity that are not part 
of the normal arborization and that retain their position and density 
when irradiated from different angles. For example, if a moderate 
lesion is situated close beside the left cardiac border, its presence can be 
verified and its extent determined by a left rotation exposure. For this 
view, the left side of the patient’s chest remains in contact with the 
cassette (figure 38), while the right shoulder is rotated away so that the 
midfrontal plane forms an angle of about 30 degrees with the front of 
the cassette. In this position the left margin of the heart is seen in the 
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film to coincide with, or to project very slightly beyond the left margin 
of the spine. Thus one can record the lesion’s posterior extension, which 
in the usual position is obscured by the cardiac shadow. 

The course of development of these infiltrations in the left lower lobe 
is backward behind the heart and downward toward the diaphragm. 
Confluent densities above the diaphragm, with an unequal, somewhat 
fenestrated or foamy upper margin, are commonly found in children 
who persistently raise sputum. This is yellow or white long before the 
typical three-layered, foul expectoration of classical and practically 
hopeless bronchiectasis has developed. Next in frequency to the occur- 
rence of these lesions in the left lower lobe is their occurrence in the right 
lower lobe or in the right middle lobe close to the heart. In these sites 
the infiltration may persist and either slowly increase or fluctuate in 
area for months and even years, the exacerbations being accompanied 
by fever, increased cough and sputum, and prostration, with relatively 
rapid recovery. If the lesion becomes severe there appears a secondary 
invasion of the left lower lobe. With the severer lesions in the right or 
left lower lobes there are sometimes associated infiltrations in the middle 
third of the lung on the same or on the opposite side. 

It is characteristic of all nontuberculous pulmonary infiltrations that 
they tend to spread along the diaphragm to the axilla, a course rarely 
taken by tuberculosis of the childhood type. Furthermore, suitable 
exposures made between exacerbations show the density of slight and 
moderate chronic pneumonia, whether epidiaphragmatic or not, to be 
most intense close to the heart, whereas tuberculous densities are usually 
based on the parietal pleura. 

The acute exacerbations and spreads characteristic of chronic non- 
tuberculous infiltrations appear often as more or less confluent broncho- 
pneumonic mottling within an irregular wedge-shaped area extending 
to the pleura. They do not differ essentially in appearance from the 
acute invasions of tuberculosis of the childhood type, but they may often 
be distinguished by their site and almost always by their relation to the 
preéxisting chronic lesion. They develop commonly in the base adjacent 
to the diaphragm and are often bilateral, whereas the tuberculous inva- 
sions arise mostly in the middle or upper third and are unilateral. The 
nontuberculous spread or exacerbation often does not involve the whole 
area of the chronic lesion, and the latter may be recognized by its pre- 
dominance close to the diaphragm and its characteristic appearance. 
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This is often an apparent increase, occurring in several forms, in the 
recorded trunks arborizing from the hilum. 1: The trunks may be 
denser, sharper and broader than usual, and the diaphragm, where they 
cross it, is irregularly peaked, or its outline is blurred, and on close 
inspection a number of small densities are seen upon and close to the 
diaphragm between and upon the trunk markings. (See right side of 
figure 39.) 2: The trunks are only slightly more dense, broad and 
irregular than in normal persons but a much greater number are recorded. 
This is often due to a soft, unequal cloud of persistent infiltration that 
usually spreads out from the cardiac outline toward the axilla, but does 
not extend that far except for the area affected by acute exacerbation 
if there is one. There results a somewhat striated density obscuring 
the cardiac margin, the striae largely due to prominent vessels. (See 
figure 36.) This lesion is clearly distinguishable from the appearance 
produced when the normal arborization is rendered more perceptible 
by the presence of an infiltration in front of it, as when a type-C consoli- 
dation is situated anteriorly; the tuberculous density is demonstrably 
based on the pleura. (See figures 1 and 2 of reference 7.) 3: The 
trunks may be only slightly more dense than in the normal chest as in 
(2), but a great number may be recorded. As they are traced out into 
the periphery, their symmetrical arborization is merged into an unequal 
mesh continuous with the trunk-markings. Between and upon the 
strands of the network there are many fine densities, and where these 
densities overlie the vessels the latter appear irregularly thickened. This 
mesh is to be distinguished from the wholly irregular network, often 
beaded by spots, that is due to indolent tuberculous infiltrations. This 
last is not traceable into the vascular arborization and, although one or 
more trunks running into it may be prominent (5), the lesion becomes 
denser, when viewed in profile, toward the pleura, upon which it may form 
a uniform or closely matted opacity. Furthermore, the tuberculous 
network is localized, and usually occurs well above the diaphragm. 

Another form of nontuberculous lesion appears in areas of more or less 
dense infiltration distributed irregularly, whose vessels of supply are 
prominent and often demonstrably enlarged (figure 40). When the 
lesion is severe or extensive, the large arterial and venous branches 
leaving or crossing the arterial shadow produce a hilum shadow that is 
prominent and looks matted. Axial radiation of these vessels as they 
curve about and within the hilum region causes large homogeneous 
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rounded or oval densities. The former are sharply defined like calci- 
fications, but, being multiple as well as fairly regular in contour and 
uniform in density, they are usually distinguishable from calcium 
deposition. The oval ones shade off gradually at either end of the oval 
(left hilum in figure 40) and have a characteristic shift in their area of 
maximum opacity to one or the other pole with the stereoscopic shift 
of the tube. 

These enlarged vessels produce actual enlargement and thickening 
of the hilum shadow. The change is one in the size of the vessels, not--- 
in the areolar connective tissue (left hilum in figure 40). As a rule, the 
distribution of the enlarged vessels is somewhat asymmetrical, cor- 
responding to the asymmetrical deposition of the areas of infiltration 
from which they arise or to which they run. This, together with the 
absence of cardiac enlargement, serves to distinguish the hilum shadow 
of chronic nontuberculous infiltrations from the symmetrically enlarged 
hilum of those cardiac lesions that result in impaired pulmonary 
circulation. 

The prognosis, especially in the early and many of the moderate cases, 
to the recognition of which efforts should be directed, depends scarcely 
less on prevention of further damage than on the severity of the existent 
lesion. Indeed, the chief emphasis as regards bronchiectasis and chronic 
or recurrent pneumonia should fall on prophylaxis. While many lesions 
appear to have their origin in one severe illness, more particularly measles 
or pertussis, others develop as a result of recurrent attacks of pneumonia. 
The history is not always reliable. As one example out of many, a 
boy in whom we found a lesion, the residuum, apparently, of pneumonia, 
was said to be symptom-free and remained so for nearly one year after 
the lesion was discovered. Then a severe acute respiratory infection 
caused marked and persistent cough and expectoration, with increase 
in the area of density. Without our former films, we might have been 
inclined to attribute the whole lesion to this later infection. Likewise 
children with marked and persistent areas of roentgenographic density 
and profuse expectoration may lose their symptoms and physical signs, 
except limitation of expansion, while continuing for one or more years to 
show a dense lesion roentgenographically. Relapse is common. 

Children should be in bed during acute respiratory infections. At 
every age, cough prolonged after any acute respiratory illness demands 
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full and careful consideration of its cause and prompt and adequate 
measures to bring it to an end. Of these, rest is the chief, with a gradual 
resumption of activity after the subsidence of marked symptoms and of 
all traces of fever. Sources of infection in the paranasal sinuses and 
tonsils should be sought and removed if present. The parents of chil- 
dren who are subject to repeated coryza and cough should be examined 
for sinus lesions. In two families such lesions in a parent were apparently 
the source of chronic pneumonic lesions of two or more children. In 
estimating the severity of the lesion, examination should be made during 
the relatively quiescent phase between acute exacerbations in order to 
determine the extent of the chronic, though not necessarily irreparable, 
damage. Rapid, accurate and sufficiently soft films will usually afford 
a clear record of the extent and nature of the damage. The more 
accurate the stereoscopic effect, the better will the whole lesion be 
demonstrable. One or more flat oblique views are desirable to supple- 
ment the stereoscopic posteroanterior films. 

Although lipiodol is of great value when the pulmonary field is obscured 
by confluent densities, or when large quantities of sputum occur with 
relatively slight abnormal pulmonary density or markings, it gives 
little aid with many of those moderate and early lesions that offer the 
greatest hope of material improvement and are not so far advanced as to 
need some form of compression. Bronchiectatic lesions are slight in 
many of these infiltrations, even those of some years’ standing. Lipiodol, 
recording in these cases only small or doubtful dilatations, tends to 
minimize the infiltrative areas by the sharpness of the contrast it affords. 
Marked and widespread bronchiectasis may result from one infection, 
such as influenza (26), and in these cases the bronchial dilatations may be 
the essential damage. But severe and permanent disability may be 
prevented in many cases if we learn to recognize and to ameliorate chronic 
pneumonia before marked shrinkage occurs from scarring, or slowly 
developing bronchiectasis dominates the picture. 

Tuberculin Reaction: The tuberculin reaction is of great value in many 
cases, especially if negative or weak. As noted above, reaction to the 
weakest dose is almost the rule with diffuse tuberculous infiltrations that 
because of their extent or the symptoms they produce are likely to be 
confused with nontuberculous lesions. 

Signs and Symptoms: Physical signs are usually present (27) limita- 
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tion of movement and rales on very deep inspiration after cough being 
the earliest. When there is only a slight disturbance of the normal 
arborization of trunk markings, and trivial irregularities of the dia- 
phragmatic contour, rales may be surprisingly numerous. 

Weight may be not at all below normal (figures 36 and 37), but most 
cases clinically recognized are underweight. Elevation of temperature 
occurs in most clinical cases. Except during exacerbations, when it 
may be high for days, it is slight but rather persistent. 

Other symptoms are more marked than thosein association with tuber- 
culous lesions of like roentgenographic density, except with far-advanced 
tuberculous lesions, when the sputum is usually positive. Severe cough 
and prostration occur with the exacerbations characteristic of nontubercu- 
lous lesions, and indicated, roentgenographically, by increased areas of 
density due to recurrent pneumonia. In some cases, however, fresh infil- 
tration may develop with trivial symptoms. Small haemoptyses are 
frequent, moderate ones not uncommon. Recovery of strength is rapid. 

Children with moderate lesions and mucopurulent expectoration that 
persists for weeks after acute infections should be aided, when possible, 
by bronchoscopic drainage. It should not be reserved solely for 
advanced cases. 

Postural drainage, repeated several times a day and increased from 
two or three up to ten or fifteen minutes (28), should be used either to 
supplement bronchoscopic methods or when the latter are not available. 
Such methods will often produce expectoration when this has been 
denied by the child. 

Age: The age of chief occurrence is early childhood. The history 
can usually be dated back to an attack of pneumonia. The pneumonia 
of measles and whooping cough is a frequent initial lesion. 

Associated Lesions: The commoly associated lesion is a lesion of the 
accessory nasal sinuses. Whether the sinus lesion is primary or second- 
ary to the pulmonary infiltration, treatment of the sinuses, if empyema 
or polyps is present, may be followed by cessation of the attacks of 
recurrent pneumonia provided the pulmonary lesion is not extensive 
or characterized by marked bronchiectasis. 

Variations of Lesions: The diagram to the left shows predominantly 
bronchiectasis; that to the right, chronic pneumonia without loculation 
of sputum, and with much-enlarged vessels. (See figure 40. The right- 
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hand diagram represents several views of this child.) These, greatly 
increased in calibre, produce many strikingly large, homogeneous, 
rounded or oval densities in and about the hilum and even far into the 
peripheral lung-field in which infiltration is definite. That vessels cause 
these densities can be readily determined by rotating the patient and 
making roentgenographs from various angles. 


PLEURISY 


Pleural effusion and dense pleural thickening, whether widespread 
over the lower lung-field or localized to the interlobar fissure or costo- 
diaphragmatic sulcus, suggest tuberculous infection, and may precede 
or accompany tuberculous infiltration. Slight, sharp, interlobar lines 
between the right middle and upper lobes are particularly easy to record 
because a large part of the pleural plane lies in the axis of the beam of 
the X-rays. The majority of these are of no current significance and 
many occur in noncontact, tuberculin-negative children. 

Small and moderate effusions are not uncommonly discovered in 
routine serial roentgenographs of children living in contact with sputum- 
positive tuberculosis. Below the age of puberty, these lesions in white 
children may appear and clear without symptoms or elevation of tem- 
perature and without the later development of pulmonary infiltration. 
In colored children of this age-period effusions are more often accom- 
panied by dense pleural thickening and infiltration of the lung that 
produce symptoms. Pleural effusion or thickening has been associated 
in five of our cases among colored children with demonstrable enlarge- 
ment of the intrapulmonary lymph nodes, and in four of these followed 
by extrapulmonary tuberculous foci. The fifth child died soon after 
the appearance of effusion. 

Through the kindness of Dr. R. H. McCutcheon, I have been able to 
follow rapid and remarkable clearing of both pleural thickening and 
pulmonary infiltration in one colored child with a far-advanced pulmo- 
nary lesion and a tuberculous joint. Absolute rest and adequate diet 
are the chief factors in this improvement. The temperature has dropped 
to normal from a former range to more than 100°, and weight has in- 
creased from 82 to 98 per cent. The child’s extrapulmonary lesion is 
improving. She gave no evidence of admixture of white blood, to which 
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is usually ascribed resistance to the progress of tuberculosis. In her 
case and in other colored children, lesions have shown extraordinary 
improvement as a result of adequate care continued over a period that 
experience shows is essential to the healing of tuberculous lesions (12). 

In white children dense pleural thickening associated with diffuse 
tuberculous infiltration may clear rapidly and leave no trace of its 
presence. An Italian child of 2 6/12 years, whose father had sputum- 
positive tuberculosis, showed an almost completely opaque shadow in 
the right lower half in February, 1927. In June there was persistent 
thickening close to the axillary wall, but elsewhere strands replaced the 
dense shadow. In the following February only a few strands and calci- 
fied spots remained in the lung and there was a heavy interlobar line. 
The costodiaphragmatic sulcus was nearly clear. This is usually the 
last part to become free from adhesions. 

A similar favorable result occurred in a school child, D-8. 

Effusion and dense pleural thickening are perhaps most important in 
adolescence, since they frequently precede or accompany apical infiltra- 
tion, which may be overlooked in the generally clouded lung-field that 
is associated with effusion. Such clouding may be marked even when 
fluid does not reach the apical or adjacent field. It is due not so much 
to the increased density caused by pleural thickening as to generally 
limited expansion, whereby deficient entry of air reduces the contrast 
between infiltration and parenchyma (5). . 

An adolescent in whom effusion occurs should be examined by serial 
roentgenographs for some five years after the clearing of the effusion, 
unless there is conclusive evidence that it was nontuberculous in origin. 

The differentiation of effusion of tuberculous origin from that of 
nontuberculous origin depends on a marked tuberculin reaction, evidence 
of contact, and on the nature of the associated pulmonary lesion. Tuber- 
culous effusion may occur without demonstrable infiltration; nontuber- 
culous rarely. The anatomical and clinical characteristics of tuberculous 
and nontuberculous infiltrations are discussed in other sections. 

Dense interlobar lines that are not sharply delimited toward the 
parenchyma indicate recent infiltration that is not wholly clear. If 
the lesion persists for more than six weeks and a tuberculin test is positive, 
the child in whom it occurs should be supervised and a source of conta- 
gion sought. 
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Signs and Symptoms: Children in whom effusion or pleural thickening 
occurs may present limitation of expansion only, or various degrees of 
percussion and breath-sound changes also. Symptoms may be absent, 
or there may be slight cough, or there may be acute distress, with cough, 
pain and cyanosis. The fundamental limitation of movement usually 
causes dyspnoea on exertion in any case with moderate effusion or 
thickening. Weight may be normal or deficient. 

Limitation of movement is best detected by enclosing the lateral 
thoracic contours between the thumb and fingers, with the fingers 
anterior, and placed on corresponding ribs. The respiratory excursion 
should be palpated both while the hand is allowed to open freely and 
while it attempts to hold the ribs. Even slight lesions will be often 
detected by this method. aed 

The slighter degrees of diaphragmatic thickening, whereby the contour 
projects upward in fine or coarse peaks, is commonly due to nontuber- 
culous basal infiltration. With these diaphragmatic pleurisy is very 
often associated. 


SUMMARY 


1. The apparent sudden onset of acute tuberculosis of children is 
usually preceded by a period of development of a latent lesion occupying 
months or even years. Lesions discovered while latent may be treated 
so that clinical disease is prevented. 

2. Histories and illustrations are submitted to show that the diagnosis 
and supervision of the course of tuberculosis in children depend largely 
on the roentgenograph. 

3. Illustrations have been selected to show typical examples of each 
form of lesion in such a way that its site and its physical characteristics, 
particularly the variations in density of different parts of the lesion in 
relation to each other and to the site, may be clearly represented. 

4, The representations of lesions of the hilum demonstrate the size 
that such a lesion must attain before it can be perceived. They illustrate 
those difficulties in the way of recognition of smaller lesions that make 
it impossible to diagnose uncalcified lymph nodes in the vast majority 
of instances. 

5. Tuberculous infiltrations of the childhood type are divided into 
three somewhat arbitrary groups. Going along with the roentgeno- 


PULMONARY TUBERCULOSIS IN CHILDHOOD 583 


graphically determined anatomical structure of each group there are 
certain clinical and prognostic characteristics. 

6. Differentiation of tuberculous from nontuberculous infiltrations is 
discussed and methods of roentgenographic diagnosis described. 

7. Apical lesions in children should not be dismissed as scars, unless 
composed wholly of calcium and dense strands. Serial observations 
should be made to assure one’s self that spread does not occur. Children 
showing progressive infiltration starting from a sharply defined apical 
density are not uncommon. Accuracy and comparability of roentgeno- 
graphs are essential to estimate the course of latent lesions, to aid decision 
on methods of treatment of clinical disease, and to determine when a 
child, particularly an adolescent, may be safely returned to work. The 
rapid subsidence of symptoms does not represent the end of danger. 
Because of the suddenness of severe relapse common in adolescence, 
treatment should be prolonged till lesions are demonstrably stable. 


I wish to express my appreciation of the kindness of Mr. Maurice N. Weyl in adapting 
the aquatone process to the reproduction of X-ray films. 
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PARENCHYMAL LESIONS CHARACTERISTIC OF 
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PUIMONARY TUBERCULOSIS IN CHILDHOOD ANI 


l 2 3 4 5 6 7 
Diagram Tuberculin 
of Peete Lesion Prognosis Appearances Reaction Physical Signs 
A Focal Good. Only | Isolated, None due to %© 
tuberculosis/|caseous sharply-defined| Negative this lesion. 
caseous or uncncap- sub-pleural with 
VX calcified sulated density; often | obsolete 
nodules focus in obscured by calcified 
an infant dense lesions. 
is serious. | structures. 
berculous | uncertain Lobar or Positive |The signs of |Loss or | 
consolida- [until this wedge- to consolidation, | retarded) 
tion of a type, B, which} Shaped mass mgn. unless area gain. 
lobe or is serious, | that increases {of 0.T. involved is 
wedge, is differen-| or fluctuates small. 
progressive |tiated from |in extent, or 
or unstable.|C, chiefly | excavates. 
Calcified by appear- 
spots remainjance, sput 
if it clearsjand course. 4 
Tuperculous |Uncertain Homogeneous Positive impairment, 
consolida- j|until this | irregular to etc. not so ly or | 
tion of a type, C, is | wedge commonly |.01 mgn. | definite as not at 
lobe or differenti- |most dense of O.Te over unstable | all af- 
wedge, ated from B,| anteriorly consolidation.| fected 
retrogres- |chiefly by | (oblique view); Breath and in many; 
appearance, | maximum density voice sounds | marked 
benigne sputum and | and extent at usually absent, under- 
Few strands | course. onset; clears or diminished.| weight 
remain when slowly, staert- Rales t . in young 
it clears. ing in axillu®* children] 
Diffuse, Good, unless] Spots, strands, | Positive Slight 
childhood- /|ilesion or both, denser] to . Rales, the or no | 
type increases towards pleura’|.01 mgm. most usual loss 
tuberculous |in-density; |in tangential -|of 0.T. sign, are with 
infiltration|if so, views. Indolent variable, and | indolent 
serious. lesions strand- less marked Lesions $| | 
Confluent Associated | like and over early. definite] 
bronchoe demonstrable} unilateral. and moderate loss. 
pneumonia is/uncalcified | Progressive diffuse with 
the serious |nodes, espe-| lesions show lesions than | pro- 
lesion of cially if confluent over equally | gressive 
this type multiple, spots, which intense non- 
and often darken may develop tuberculous 
precedes E. |promosis. |into B. infiltrations. 
Miliary Recovery Universal soft |+ to Scattered Rapid 
tuberculosis | extremely mottling. eOl mgm. rales. loss. 
Tare» of 
usually 
negative 
terminal 
stages. 
F Tuberculosis |Very serious|Large convex ositive Normal, 
of tracheo- |if multiple.|masses project | to Usually those jor, in 
bronchial Danger of from hilum e001 mgm. of the some, £ 
lyfiph nodes, |miliary (and) (or) fromjof 0.T.; | associated retarded| 
uncalcified. | tuberculosis | mediastinum very lesion; gain, k 
or caseous j|into the rarely , parasternal usual r 
pneumonia. parenchymae negative. | impairment respon- |v 
Demonstrable |Single node |Small lesions with enarmous | sive to | « 
only when shows heavy jare not lesions only. | adequate} J 
massive. infection. | demonstrable. diet. 
Tuberculosis |Varranting |Granular, Positive j|None. Not 
of tracheo- joversight stippled, or to affected 
bronchial from 10th irregular dense|.01 mgme by this 
lymph nodes, |to 20th year] shadows on of O.T. If lesion. 
calcified. |because hilum repeatedly 
often shadow (and) negative 
followed (or) shom to 1 mgm. 
by apical by oblique lesion 
lesion, exposure in probably 
especially |mediastinun; obsolete. 
if contagion] often enormous 
is recent or|without history 
rolonged. jof illness. 
Apical, Always Spots, or spots|Positive /|Rales often + 
adult-type j|precarious; jand strands, or/|to first audible |May be |i 
infiltration|supervision |wedges, or ir- |.01 mgm. as the lesion | over- n 
} of children |by serial regular masses, |of O.Te$ |clears. weight jm 
and adoles- jradiographs | based on apical|sometimes |May be with 
cents. essential; j|pleura, often j|weak to no signs for | progres-|t 
prolonged most easily el mgme months with sive Pp 
rest in bed | demonstrable even with |anatomically lesion. 
necessary below the 3rd developing) progressive 1 
if lesion or 4th rib lesion. latent lesion. 1 
increases in| postero- 
area or in laterally. 
density. 
Chronic Often bad Irregular den- |Negative | Limitation of | Usually |S 
infectious |without in infants|/movement often|/under- 
non early care. | coalesce © jand young |strik we t, 
tuberculous jAmong these | Cloud on heart 
pulmonary lesions or diaphragm; [If nega- jon very deep j|may be /|t 
lesions. are many or,if discrete,|tive or inspiration normal jc 
precursors simulate bead- |weak at after cough; /| even 3. 
of adult ing on vessels, lany age often remark- w 
bronchi- which are promjof great /|ably numerous t 
BY IRREGULAR DENS~ ectasis. inent or dis- j/yalue in /|over lesion 
ITY USUALLY POSTE- torted. Chiefly/differen- |with slight 
RIOR TO AND, LATER, on left. Often | tiation. radiographic 
LATERAL TO HEART, bilateral. dens ity 
| (OBLIQUE ExPosuRE). Mostly in gir : 


The significance of 
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Strongly positive tuberculin reaction tho’ 


DHOOD AND ADOLESCENCE 


8 10 il 12 
Blevation Age of Commonly Diagrams of Variations 
of Temper- Chief Associated of Lesion (1) and 

t) ature Symptoms Occurrence Lesions Commonly Associated Lesions (1]). 
None. None. The older | Associated lymph *G +6 
the child | nodes recordable 
the more if calcified. 
likely is aj If caseous, 
calcified | recordable only 
focus to be] if much enlarged. 
resent. 
or ¥ Cough. usual |in imrancy case- 
retarded| Usually Also, in |lesion of | ous nodes al- 
yain. definite infants, | infancy; most always; in 
with pro- | dyspnea, | not un- older chiidrent 
gressive | restless-| common in | nodes calcified 
lesion. ness, older chil-| or uncalcified. 
diarrhea.| dren, es- B may be pre- 
Sputum pecially ceded or accon- UNIFORM CAVITY AND 
usually | colored. panied by soft CONSOLIDATION EXTENSION 
positive. or active D. 
SIight- | Marked in | Cough om Sometimes Cr 
ly or younger, ersis- infancy calcified pb? 
10t at | transi- t to 14 nodes. 
n11 af- | tory and | younger, | years Characteristi- ) /\ 
rected trivial trans of age, Cally no 
in many;} in older | tory usually associated 
marked | children. | older fron infiltration. ( 
nder- children.| 4 to USUALLY TO USUALLY 6 
reight Sputum 10 YEAR. TO YEAR. 
in young always 
negative. 
slight | None or Slight ox Infancy + Tuberculous 
no slight andj no cough] to 12th tracheobronchial 
088 intermit- | and year. nodes, usually 
rith tent with | negative calcified in 
ndolent| indolent | sputum; older children; 
esions;/ lesions, with pro- demonstrable 
efinite| persistent) gressive uncalcified 
088 . with pro- | lesions nodes rare NT 
ith gressive. | positive in | 
ressive ored children, EARLY CHLDMO 
and cause bad USUALLY SYMP-  VELOP RAPIDLY. 
prognosis when TOMLESS. 
more than two. 
apid Cough, Infancy Caseous tracheo- 
oss. dyspnea. | chiefly; bronchial nodes 
may occur usually; almost 
at any always in 
age. infants. 
B or D often 
precedes E. 
ormal, + Lack of | Infancy. In infants 
r, in | Usually energy ? usually a 
me , slight Respira-~ | Rare in wedge-shaped 
starded| if any. tory older white] consolidation, 
xin, May be symptoms | children; Bs; less often D, 
sually | none rarely more com diffuse. In 
sspon- | with due to mon in older children, 
ive to j}enormous | this colored. D, B, or A, the B_INCONSPICUO RELATIVELY RARE 
lequate| lesions. | lesion last chiefly in BESIDE HEART. 
iet. alone * 
t None. None. end year The parenchymal GA Gt 
‘fected onward, primary focus, 
this usually calcified 
23 LON. earlier. may be obscured ) A) 
by opaque organs. 
+ diffuse ° 
OBLIQUE VIEW @ co 
infiltration bee MMONLY OB= 
NE 
fore 12th year; | Compan SERVED INGHLD 
apical adult- DEVELOP H. 
G, AN INDEX OF SEVERE INFE! 
CURS CHIEFLY IN CONTACT CHILDREN, 
+ 3 Chiefly + 
y be |May be None 10th Many apical in- 
eTa none for j|may be year on. filtrations are 
ight j|months admitted preceded by cal- 
th with ana- | with proe cified tracheo- 
ogres-|tomically | gressive bronchial nodes, 
ve progres- lesion. which occur as 
sion. | sive Sudden often in the op- BILATERAL. OLDE MOTTLING DES- 
latent onset of posite as in the fas LESION ON CENDING Bis Ex- 
lesion. toms same lung. The 
the NOTE: THE MOST DESTRUCTIVE DISEASE 
escence. : ING SCHOOL YEARS. 
Recur- Lesion of 
dere /|rather rent, onwards. accessory 
ight, | persis- severe, Onset nasal sinus 
t tent when | persis- after should always 
y be there is tent pneumonia, | be sought. 
rmal cough; cough measles It may be 
en sharp with primary or 
th when negative | pertussis; | secondary. AREAS OF DELICATE 
there are | sputum; these 
cer- rapid rare CULATION A\ 
ions. recovery | initiate LEFT LOCUCATION. 
of tubercu- 
strength./ lous 
lesions. 


op demonstrable lesion, 
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l 2 3 4 5 6 7 
Diagram X-ray Tuberculin . 
of Lesion Lesion Prognosis Appearances Reaction Physical Signs Weight 
A Focal Good. Only | Isolated, + None due to Not 
tuberculosis} caseous sharply-defined} Negative this lesion. affected 
caseous or juncncap- sub-pleural with by this 
Vn calcified sulated density; often | obsolete lesion. 
nodulee focus in obscured by calcified 
an infant dense lesions. 
is serious. | structures. 
berculous |Uncertain Lobar or Positive The signs of |Loss or 
consolida- this |Youghly wedge- | to consolidation,| retarded 
tion of a type, B,which/ Shaped mass mgm. j|uniess area gain. 
lobe or is serious, | that increases [of 0.T. involved is 
wedge, is differen-| or fluctuates small. 
progressive |tiated from |in extent, or 
or unstable./C, chiefly excavates. 
Calcified by appear- 
spots remainjance, sputum 
if it clearsjand course. 
Tuperculous |Uncertain Homogeneous Positive Impairment, Slight- 
consolida- until this | irregular to etce not so ly or 
tion of a type, C, is | wedge commonly |.01 mgm. | definite as not at 
lobe or differenti- |most dense of O.Te. over unstable | all af- 
wedge, ated from B,| anteriorly consolidation.| fected 
retrogres- |chiefly by | (oblique view); Breath and in many; 
sive and appearance, |maximum density voice sounds | marked 
benigne sputum and | and extent at usually absent under- 
Few strands | course. onset; clears or diminished.) weight 
remain when slowly, start- Rales + . in young 
it clears. ing in axilly® children 
Diffuse, Good, unless| Spots, strands,| Positive t Slight 
childhood= lesion or both, denser] to . Rales, the or no 
type increases towards pleura | .01 mgm. | most jusual loss 
tuberculous |in-density; |in tangential -|of 0.T. sign,| are with 
infiltration|if so, views. Indolent variable, and | indolent 
serious. lesions strand- less marked lesions ; 
Confluent Associated | like and over early, definite] 
bronchoe demonstrable} unilateral. and noderate loss. | 
pneumonia is|uncalcified | Progressive diffuse with | 
the serious j|nodes, espe-| lesions show lesions than | pro- 
lesion of cially if confluent over Pqually gressive 
this type multiple, spots, which intenpe non- 
and often darken may develop tuberfulous 
precedes E. |prognosis. |into B. infiltrations. 
Miliary Recovery Universal soft | + to cattered Rapid 
tuberculosis/extremely mottling. 001 loss. 
usually 
in 
terminal 
Tuberculosis |Very serious| Large convex ositive Normal, 
of tracheo- |if multiple.|masses project | to Usually those jor, in |1 
bronchial Danger of from hilum 001 mgn- of the some, £ 
0 lyfioh nodes, |miliary (and) (or) from|of 0.T.; |associated retaried| ; 
uncalcified. |tuberculssis|mediastinum very lesion; gain, Xk 
or caseous into the rarely a parasternal usually ;r 
pneumonia. parenchyma.e negative. | impairment respon- | 1% 
Demonstrable |Single node |Small lesions with enarmous | sive to | « 
2 only when shows heavy |are not lesions only. | adequate} J 
ssiye. infection. |demonstrable. dict. 
5 Tuberculosis |Varranting |Granular, Positive |None. Not 
of tracheo- joversight stippled, or to affected 
: bronchial from 10th irregular dense|.01 mgme by this 
lymph nodes, |to 20th year] shadows on of O.T. If lesion. 
calcified. because hilum repeatedly 
B often shadow (and) negative 
followed (or) shom to 1 mgm. 
< by apical by oblique lesion 
> lesion, exposure in probably 
especially j|mediastinun; obsolete. 
if contagion] often enormous 
is recent or|without history 
ma rolonged. of illness. 
¥ Apical, Always Spots, or spots|Positive |Rales often + 
adult-type j|precarious; jand strands, or/to first audible |May be /|M 
ra] infiltration|supervision |wedges, or ir- |.01 mgm. as the lesion | over- n 
O of children |by serial regular masses, |of 0.Te3 clears. weight jm 
and adoles~ |radiographs |based on apical|sometimes |May be with 
M cents. essential; pleura, often j|weak to no signs for progres-|t 
a] prolonged most easily el mgm. months with sive p 
rest in bed | demonstrable even with |anatomically | lesion. |s 
necessary below the 3rd developing] progressive 1 
if lesion or 4th rib lesion. latent lesion. x 
increases in| postero- 
area or in laterally. 
density. 
Chronic Often bad Irregular den- |Negative | Limitation of | Usually |S 
infectious without sities may in infants|movement often} under- r 
none early care. |Coalesce into {and young | striking. weight, |p 
tuberculous |Among these |Cloud on heart |children. |Rales common | but t 
pulmonary lesions or diaphragm; {If nega- |on very deep j|may be |t 
lesions. are many or,if discrete,|tive or inspiration normal jc 
precursors simulate bead- |weak at after cough; even 3] 
NOTE: BLURRING OF of adult ing on vessels, jany age often remark- | with wl 
LEFT CARDIAC MARGIN bronchi- which are prom-|of great j|ably numerous |marked t! 
BY IRREGULAR DENS- ectasis. inent or dis- j|value in j|over lesion lesion. |e: 
ITY USUALLY POSTE- torted. Chiefly|/differen- | with slight bi 
RIOR TO AND, LATER, on left. Often |tiation. | radiographic 
LATERAL TO HEART, bilateral. density. 
| (OBLIQUE EXPOSURE). Mostly in girls, 


* 
The significance of a strongly positive tuberculin reaction withoi 
is to be interpreted in the light of age and contact. See text w 


See text. 
Note: Pleurisy with effusion, pleural adhesions and dense pleural 


in the text. 
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7 8 9 10 12 ie 
Blevation Age of Commonly Diagrams of Variations 
of Temper- Chief Associated of Lesion (1) and 

Weight ature Symptoms Occurrence Lesions 
Not None. None. The older [Associated lymph adh 
affected the child | nodes recordable 
by this the more if calcified. 
lesion. likely is a/ If caseous, 
calcified recordable only 
focus to if much enlarged. [a 
present. RIMARY ON DIAPH APICAL PRIMARY 
Loss or Cough. e usual j|iIn infancy case- 
retarded] Usually Also, in | lesion of ous nodes al- / 
gain. definite | infants, | infancy; most always; in 
with pro- | dyspnea, | not un- older chilidrent aN, 
gressive | restless-| common in | nodes calcified \ 
lesion. ness, older chil-| or uncalicified. 
diarrhea.| dren, es- B may be pre-— 
Sputum pecially ceded or accom- UNIFORM CAVITY AND 
usually colored. panied by soft CONSOLIDATION EXTENSION 
positive. or active D. 
‘Marked in Cough From Sometimes | 
ly or younger, ersis- infancy calcified \@ / ) 
not at transi- ent in to 14 nodes. / 
all af- | tory and younger, | years Characteristi- a / the 
fected trivial transi- of age, cally no / ul 24 
in many;} in older tory in | usually associated ; 
marked | children. | older from infiltration. 
under- children.| 4 to 10. USUALLY TO USUALLY 61TH 
reisht Sputum 10 IH: YEAR. TO YEAR. 
in young always 
children} negative. 
Slight | None or Slight or Infancy + Tuberculous +G +G | 
or no Slight and) no cough to 12th tracheobronchial D Ian D / % 
Loss intermit- | and year. nodes, usually \ 
rith tent with | negative calcified in Mee YAN \ /& 
indolent] indolent | sputum; older children; 
lesions;| lesions, | with pro- demonstrable 
lefinite| persistent) gressive uncalcified 
Loss . with pro- | lesions nodes rare, NFLUENT 
rith gressive. | positive oceur chiefly in| PCY = CaviTY 
ressive ored children, sPU- 
and cause bad USUALLY SYMP-  VELOP RAPIDLY 
prognosis when TOMLESS 
more than two. 
apid + Cough, Infancy Caseous tracheo- 
oss. dyspnea. | chiefly; bronchial nodes 
May occur usually; almost 
at any always in 
age. infanteo. 
a” B or D often 
| precedes E. 
Ormial, + Tack of | Infancy. In infants 
r, in | Usually energy ? usually a 
ome , slight Respira- | Rare in wedgee shaped 
etaried| if any. tory older white] consolidation, 
ain, May be symptoms | children; B; less often D, M8 
sually |; none rarely more com diffuse. In 
espon- | wth due to mon in older children, 
ive to | enc *mous this colored. i D, B, or A, the B INCONSPICUOU 
lequate/ lesions. lesion last chiefly in BESIDE HEART. 
iet. alone * colored. 
None. None. 2nd year The parenchymal | 
ffected onward, primary focus, 
this rarely usually calcified / / 
2s ion. earlier. may be obscured / 9/\( 
by opaque organs. [ / 
+ diffuse } 
infiltration be- 4 
fore 12th year; | compa. 
apical adult- DEVELOP H. 
‘ype ag wie G, AN INDEX OF SEVERE INFECTIONS, OC- 
th dear. | _CURS CHIEFLY IN CONTACT CHILDREN. 
+ + Chiefly + Hise 
y be |May be None 10th Many apical in-  - 
rel none for |may be year on. filtrations are ~ 
right j|months admitted preceded by cal- / Ae \ 
th with ana- | with proe cified tracheo- / if 
‘ogres-|tomically | gressive bronchial nodes, | 
ve progres- lesion. which occur as 
sion. |sive Sudden often in the op- BILATERAL. OLDE MOTTLING DES- 
latent onset of posite as in the — LESION ON Py EX- 
ion. same lung. The : 
canse| NOTE: THE MOST DESTRUCTIVE DISEASE 
in adol- of apical lesions OF EARLY ADULT LIFE DEVELOPS DUR- 
escence. ING SCHOOL YEARS. 
ually |Slight, Recur- Infancy Lesion of 
der= /|rather rent, onwards. accessory 
ight, | persis- severe, Onset nasal sinus 
t tent when | persis- after should always 
y be there is tent pneumonia, | be sought. 
rmal cough; cough measles It may be 
en sharp with and primary or = 
th when negative | pertussis; | secondary. He pistol AREAS OF DELICATE 
rked j|there are |sputum; | these WITH SPUTUM LO- MUCH ENLARGED. 
sion. | exacer- rapid rarely CULATION ABOVE VESSELS. NO SPU- 
bations. | recovery | initiate LEFT DIAPHRAGM. TUM LOCULATION. 
of tubercu- 
strength.| lous 
lesions. 


on without a demonstravdle iesion, 
e text under tuberculin reaction. 
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pleural thickening are discussed 
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Explanation of figures 


The following illustrations have been selected to show typical lesions 
of the classification set forth in the text and in the chart. Within a limited 
space the attempt is made to represent the characteristic site of each 
lesion, the relation of the maximum density of the lesion to its site 
and variations of density occurring within the lesion. Attention to these 
points is often decisive in the differential diagnosis of pulmonary infiltra- 
tions, and important in prognosis and treatment. 


The figures show the patient as he would be observed from the target 
of the tube. It is thought that this is simpler in understanding oblique 
exposures, in which one shoulder is rotated away from the film and 
toward the tube. 


Normal, whether applied to the hilum or to pulmonary detail, means 
that the appearances shown are due solely to the anatomical constituents 
of the lung and are not the result or residuum of inflammatory changes. 
The criteria of the normal are derived from roentgenographs of excised 
inflated lungs carefully examined for pathological changes. 


In order to give an adequate description of each figure in a brief space, 
these abbreviations have been used: i.s. for interspace; ant., anterior; 
post., posterior; wt., weight; 7., temperature; 7BN, tuberculin reaction; 
tbc., tuberculosis; ¢.b., tubercle bacilli; phys. exam., physical examination. 
The eighth rib, the second rib, etc., have been written 8 rib, 2 rib. The 
word years has been omitted from the age, and mos. written only when 
necessary. The weight is given in percentage of the normal for sex, age 
and height. 


The ribs are numbered at their axillary curve, the number being, there- 
fore, at the level of the corresponding posterior interspace. 
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Fic. 1. Fl. McG., girl, aged 7 6/12, September, 1928. Rotation exposure to show medi- 
astinal lesions. Right: A large parenchymal primary lesion, calcified, at 8 rib and i.s.; 
associated lymph-node lesions in 6 i.s. next to the bronchus, on 7 rib in interbronchial 
angle, and beside trachea from upper margin of 5 rib to that of 6 rib; a calcified spot and 
a few strands at 5 rib in the axilla representing an infiltration that developed after the 
above were first noted. Left: A spot on 7 rib due to a blood-vessel. Both lung-fields, 
including hila, otherwise normal. Inconstant rales over the infiltration on the right at 
6 yrs. TBN + + to 0.01 mgm. T. normal. Definite symptoms lacking. The child is 
now well and overweight. Her mother had positive sputum in 1923, as had also a brother 
in 1926 and a sister in 1927, both after refusing treatment for early lesions. Note definite 
interval between paratracheal mass (1.2 x 2.4 cm.) and spine even in this position; 
interval shown to be 2.0 cm. in oblique exposures. 
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Fic. 2. Jo. Za., boy, aged 8 mos., February, 1928. Consolidation of upper part of left 
upper lobe, except apex, with spread into right upper lobe. Limited expansion, bronchial 
breathing and rhonchi on left. TBN + + to 0.01 mgm. T. 98. Marked retardation of 
gain in weight. Persistent cough. By August, 1928, the right lung-field had cleared, 
the upper three-quarters of the left was opaque and small rarefactions had appeared. 
By January, 1929, this had retrogressed to the same size as in figure 2 and calcium and 
strands had developed in the lower part of this area. It is noteworthy that not uncom- 
monly lesions of the childhood type clear from the apex and persist longest at the ant. 
level of the 1, 2 and 3 i.s., unlike lesions of the adult type, which clear last in the extreme 
apex. The boy’s mother had a latent lesion, becoming clinically manifest in September, 
1928. The source of infection in the household was her sister, whose two children, aged 
5 mos. (figure 14) and 26 mos., also had pulmonary: infiltrations, which are now stable. 
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F. MAURICE MCPHEDRAN 


Fic. 3. Si. Da., boy, colored, aged 8, April, 1927. Consolidation of right upper lobe, 
with marked enlargement of mediastinal nodes from 4 to 6 post. ribs and projection of 
one hilum node into lung near tip of 4 rib, appearing in 7 i.s. and lapping 8 post. rib. 
Left: Normal. Right: Limited expansion, dulness, bronchial breathing and rales. TBN 
++ to 0.01 mgm. T. up to 100.4 during dispensary observation. Wt. 88 per cent. 
Cough marked; sputum positive in April to animal inoculation; in May to routine 
examination. 

This case (see D-3 of reference 13), discovered during school survey, is unusual because 
no source of infection has yet been found, despite examination of the other members of 
the household. 
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Fic. 4. Same case as in figure 3 and D-3 of reference 13, February, 1929. Right: Close- 
set strands, sharply defined below, indicating tendency to fibrosis, apparently with 
shrinkage of upper lobe. Soft, ill-delimited densities extending as low as ant. 5 rib show 
spread to middle lobe. Beginning calcification of a hilum node at 6 post. i.s. and probably 
at 8 post. rib. Narrowing of the mediastinal bulge that was seen in figure 3; an oblique 
film of February, 1929, shows beginning calcification of these mediastinal nodes. Left: 
Faint density in 7 post. i.s. superimposed on hilum shadow. Right: Limited movement, 
rales, etc. Left: Variable rales at 7 post. i.s. T. occasionally to 99.6. Wt. 89 per 
cent. Cough slight; sputum denied. This boy, possibly because he says he feels well, is 


ambulant. 
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Fic. 6. Ma. Ka., girl, colored, aged 11, June 14, 1927. Right: Broadening of mediasti- 
num, due to uncalcified nodes, with maximum width following course of right bronchus 
and bulging convexly into 5 post. i.s. Dense infiltration at post. 7 rib to 8 is. decreasing 
towards axilla. This appearance, as of one lesion close to hilum, is due to two infiltra- 
tions, both abutting on interlobar pleura, one situated posteriorly in lower lobe, the 
other anteriorly in upper lobe. (See figure 7.) Note sharp curving lines in 7 i.s. due 
to thickened interlobar pleurae; pleura also thickened along whole of lateral chest-wall; 
diaphragm high. In films of December, 1926, these infiltrations reached almost to 
axillary wall and are now receding from axillary aspect. Left: Normal. Right: Dimin- 
ished expansion throughout; impairment, breath- and voice-sound changes and rales in 
middle third. TBN + to 0.01 mgm. T. normal. Wt. 89 per cent. Slight cough; sputum 
slight and negative. Feels well. Patient had been in sanatorium from August, 1926, to 
May, 1927, when lesion, as noted, almost filled right lower half; T. to 104; wt. 84 per 
cent; cough marked; sputum positive. Took discharge against advice. Returned to 
school, sputum being negative at discharge. Mother has moderately advanced lesion; 
sister uncalcified nodes in hilum and in mediastinum. 

This view is reduced one-half. The oblique shown in figure 7 is reduced only one-third 
in order to preserve the contrast between the ant. and the post. infiltrations. 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 7. Oblique view of child shown in figure 6, left anterolateral chest-wall. against 
film, right arm above head. Note: The profile of the chest in oblique films is made, as 
here, by the ribs at approximately the ant. axillary line on the right, and on the left 
by the ribs at the post. axillary line. Right: In 7 post. i.s. infiltration reaching from 
spine laterally to lower margin of 7 rib, sharply defined above by interlobar fissure, 
and extending as low as upper margin of 9 rib close to spine. This lesion is clearly situ- 
ated in lower lobe posteriorly and the interlobar fissure produces one of the curved 
lines shown in figure 6. Another infiltration, reaching into axillary 5 is. and sharply 
defined below by pleural line at level of the numeral 5 at ant. axillary line, fades off 
above at about 3 ant. i.s. Clearly it is the superimposition of these two infiltrations, 
both mesial, and based, the one on the ant. pleura, the other on the post. pleura, that 
appears in figure 6 as an infiltration close to the hilum. Diaphragm slightly irregular. 
Left: Normal. The lesions both in the lung and lymph nodes continued to retrogress 
and in 1929 only a few strands remain posteriorly with a moderate enlargement of the 
nodes, which appear to be calcifying. 


anterior 
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Fic. 8. Wa. Fr., boy, colored, aged 7 9/12, May, 1927. (See figure 9 and D-/ of reference 
13.) Right: Homogeneous consolidation at ant. level of 3 and part of 2 and 41s. Rela- 
tively late stage of retrogressive infiltration. (See text.) Strands are beginning to appear 
peripherally. Note marked density merging with part of hilum shadow, due to persisting 
ant. consolidation and not to uncalcified nodes. Left: Normal. Phys. exam. negative. 
TBN + +10 0.01 mgm. Wt. 94 percent. T. to 100.6. Cough; sputum negative, including 
swab. Father has cough. 
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Fic. 9, Oblique exposure of figure 8. The homogeneous character of the consolidation is 
apparent and it is clear that its greatest density is anterior. Decrease of density towards 
axilla in figure 8 clearly due to radiation down axis of pyramidal infiltration; hence paling 
toward axillary aspect since base of pyramid is on ant. chest-wall. No nodes recordable 
at this date or in February, 1928, when close-set strands replaced consolidation. 
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F. MAURICE MCPHEDRAN 


Fic. 10. Vi. Wi., girl, colored, aged 10, March, 1926. Right: Rounded masses project 
from mediastinum into 6 post. i.s. and from hilum into 7 and 8, and part of 9 i.s. Bron- 
chus visible as clear space crossing neck of 8 rib and reaching into 7 and 8 is. Soft 
density in 4 post. is. due to a caseous pulmonary primary nodule. (See figure 12.) 
Dense spot beside heart in 10 i.s. due to vessel. Left: A small vessel and bronchus axially 
radiated in 7 post. i.s. Soft cloud in 5 ant. i.s. due to left breast, which was more devel- 
oped than the right. Note the absence of diffuse infiltration and of anything suggesting 
vascular engorgement. The trunk markings are normal for a moderately rapid exposure. 
(See figure 11.) 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 11, Rotation exposure of figure 10. Note: In a rotation exposure one shoulder, in 
this case the left, is rotated away from the film, but not so far as for an oblique. (See 
text.) Right: The rounded character of nodes in 7 and 8 post. i.s. is apparent. Slight 
irregularity of diaphragmatic contour. Otherwise normal right and left; sharp spots 
due to vessels. Phys. exam. negative. TBN + to 0.01 mgm. T. normal. Wt. 96 per 
cent. Nosymptoms. Fifteen months later the nodes had shrunk slightly and dense flecks 
calcium) began to appear. The nodule in 4 post. i.s. also showed calcium. No signs or 
symptoms. See figures 12 and 13 and BC-J0 of reference 13. 
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Fic. 12. January, 1928, view of figures 10 and 11. Right: Calcification of pulmonary 
nodule at 4 post. rib and i.s. and of node in 7 i.s. Other nodes (figure 10) largely obscured 
by dense wedge-shaped infiltration based on axilla with its apex in hilum. (Cf. figure 
13.) Between hilum and heart a clear space, partly bronchus, which is not obscured 
because infiltration does not involve ant. lappet of lung. (Cf. figures 8 and 9.) Left: 
Normal. Right: Slight impairment, breath-sounds slightly diminished. T. normal. Wt. 
107 per cent. This child, observed for 22 mos. previously, had been constantly symptom- 
free, denying cough, etc., despite searching cross-examination. Wt. had increased since 
former films, though never materially deficient. This view is reduced one-half, the 
oblique, figure 13, one-third, in order to preserve detail. 
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Fic. 13. Oblique exposure of figure 12. Left anterolateral chest-wall against film, right 
arm over head. Right: Homogeneous pyramidal infiltration, sharply defined by inter- 
lobar pleura, shading by imperceptible gradation to normal lung. Lower margin crosses 
from upper 7 i.s. near heart to lower 7 i.s. at ant. axillary line. Maximum density anterior. 
Subsequently clearing occurred from axilla. Strands, more numerous peripherally, now 
run from ant. 3 is. toward hilum. Note large, distinctly granular mass below tracheal 
bifurcation from upper margin of 7 to lower margin of 8 rib, most evident in 7 i.s. Similar 
granular shadows to right of trachea. 
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Fic. 15. Am. Da., girl, aged 20, January, 1929. Patient slightly rotated to left to 
show lesion. Left: Calcified spots and strands in post. 6 and 7 i.s.; calcified node below 
6 rib close to spine. Prominence of hilum due partly to strands situated posteriorly, 
whose shadows are projected on same area as hilum shadow, partly to generalized promi- 
nence of vessels, and in some measure to thin chest-wall. Right: Negative; dense spots 
due to branches of vessels, which are everywhere prominent. No signs. Wt. 89 per cent. 
(See text.) No symptoms at this time. Lesion first recognized in 1919, when there was 
underweight, possibly due in part to insufficient food, cough, haemoptysis and streaked 
sputum, which was negative. Source of infection not determined. The father is dead; 
the mother has an apical lesion, which has apparently always been latent. Roentgeno- 
graphs annually since 1924, when child was 15 yrs. old, show no change in infiltration. 
Apparently persistent underweight, in recent years at least, is referable to economic 
causes rather than to the lesion. 
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606 F. MAURICE MCPHEDRAN 


Fic. 17A. Full-size detail of infiltrated area from film of November 14, 1928. Figures 
16 and 17 are reduced one-third. This figure shows rarefaction in 6 post. is. A slight 
difference in tube-level throws it clear of 2 ant. rib. A slight overexposure wipes out 
the softer cloud of infiltration, especially laterally, and emphasizes the structure of the 
denser parts of the lesion. 
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Fic. 20. M. Mas., white, aged 4 2/12, September, 1928. Right: Isolated, rounded, 
uncalcified node projecting laterally beyond hilum shadow at 8 rib and i.s., the tip of 
3 rib running up to it. Arterial or hilum shadow, from tip of 2 to 4 rib, is not notably 
denser where node lies partly upon it, illustrating why most uncalcified nodes, being of 
no greater diameter than width of hilum shadow, are unrecordable. Apparent mediastinal 
bulge at 5 post. i.s. is due to anomalous bony arch between necks of 5 and 6 ribs. A 
few rales right at 4 ant. is. TBN + + + to 0.01 mgm. Wt. 102 per cent. T. normal. 
No symptoms. Brother-in-law, sputum-positive, has lived in same household. In May, 
1928, a diffuse pulmonary infiltration occupied the lower third of the right lung. Irregular 
strands are still present, but not definite in this view, having persisted, characteristically, 
chiefly at ant. 4 and 5 i.s. Prognosis greatly improved with clearing of the pulmonary 
infiltration. (See text.) The left lung-field and hilum normal. Sharp dense spots on right 
8 post. rib, and others in both hila, due to vessels. In April, 1929, the node was slightly 
smaller and child appeared well. 


609 
* 


F. MAURICE MCPHEDRAN 


& 
a 
r 
4 
Bos 
> 
Sy 


— 
© 
o~ 
— 
Zz. 
N 
— 


PULMONARY TUBE 


‘ejndeds 94} 0} si oy} Jo ay} jo Zuipnoss ayy “xode ay} sjassaA UPIAR[IGNs dy} Jo Zuryore ay} 0} aNp st uly 
‘yurey e Aq qui Z jo soddn wos poyeredas Mopeys ‘snoouasowoy sy], g *jsod aaoge ‘aul] 0} 
-Ipur Ajjurey st “WD x ‘Ayisuap yeorde uy ‘duinyo ue se readde ‘aqn} ay} jo UT [eJUOZIIOY 
ay} yNoge ut Burd] ‘ain3y sty} ur ‘s[assaA OUI MOPRYs apisaq ysnf g UT aqn jo 
-0919}S YUM (ZZ OZ ‘TT ‘OT “MOpeyYs JO JO YIPIM 9Y} ULY} UI sapou paylojeouN jo 
AjnNoysip vy} smoys OUI pue ‘sayoueIq Apatyd ‘sainjon1j3s Suipunosins yo smopeys Aq dn uayolg aie 
SMOPEYS sUIZIeU VARY ‘sasseUl “SMOpeYs 0} YSNOUD aB1e] sjassaA Maj AQ PassOls sI asneIaq 
ysadivys st YSNoy} “st ul yey, SI SasseUI JO INOJUOD JO UO pue ‘fF “ysod 


MCPHEDRAN 


= 


4 
~ 


F. 


3q ULI WIN]IY JO 9ZIs 
JO aq AreuoU[Nd jo azIs dy} JO & spioye S11 UO sUOISI] JO JUapuadapuT 
‘eruoumnaud snoased pasned aAey jO JO a]qissod si UI sNOdVsed || UIs JAMO] JO ed 
-o193s0d ut ydaoxa aiayMasja e1uounaud snoaseod ‘aqoy Jaddn ut adie] ‘WI g ‘snyoUOIq dy} JO ay} Ie 
‘3941930} punog ‘sapou jo & pue g) MOTaq ‘(qi1 g uO) snyoUOIq aqoy-1addn mMojaq ‘ssoioe 
‘auO UI! (7Z UI ‘st pue F UVas) JO 0} “UID Aq ‘aUO pur je ‘sajnsdeo asuap Aq pauyap 
Ajdreys ‘sapou snoaseo !Ajuo aqoy Joddn jo qed ut ‘xis ynoqge jo sdnois |[euls ul ‘ssoioe ‘WU 0} [ snoiqy 


*‘pood A1aA aq 0} pres ayjaddy poos ur 
‘uerpsen3 Aq useq pey ‘Jue JWOYs ‘YSNOD ‘FOT Bulaey ajosnur pue yey snoaueynogns ‘TZ a1n3y 
J9Y}O JO ‘YDIYA UI SMOATA SNOTIVA AQ PaWAYUOS SEM SapOU JY} UI 0} adeds Aq Are 
‘sl pue qu “ysod ye ‘sapou winjiy pue ‘qi g “ysod aaoqge JO sjods ‘seare Aq 
Ajjeisour Mopeys [euljseipow wo1y Pue A][e19}e] Gla payeiedas Z MOjaq Aysuap [eoidy jo MIIA G76] ‘F “OY 


if 


PULMONARY TUBERCULOSIS IN CHILDHOOD 


613 

25 
a2 
Baw 

& 


F. MAURICE MCPHEDRAN 


Fic. 23. Ma. Em., girl, colored, aged 10 6/12, January, 1927. Right: Upon, above and 
below post. 7 rib a dense shadow, fraying out laterally into heavy strands, of which the 
most conspicuous runs into an interlobar line traversing 7 post. rib; below this the 
hilum shadow crosses post. 8 rib, i.s. and 9 rib, separated from cardiac outline by clear 
space largely occupied by bronchus; heavy densities upon hilum shadow due to vessels 
axially radiated; a few strands appearing to run into ant. 1 and 2 i.s. from hilum density 
are seen in oblique view to be close-set and densest anteriorly. The whole appearance is 
the end-stage of an infiltration in the upper lobe, clearing last anteriorly, the strands 
remaining being closer together at the apex of the infiltrative pyramid, especially where 
this abuts on the pleura, and making a heavy density close to the hilum shadow. Dia- 
phragm adherent in axilla. Left: Normal; densities in hilum due to vessels. Twenty-one 
months earlier the appearances were similar. A few fine rales at ant. 1, 2 and 3 1s. in 
March, 1925, only. TBN + + to 0.01 mgm. T. 100; was 99.5, 99.6 in March, 1925. 
Wt. 100 per cent 1927, less than 90 per cent 1925. Nosymptoms. Throat-swab negative 
on guinea-pig inoculation. Mother said to have died of tbe. 
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F. MAURICE MCPHEDRAN 


TAM. lis 


Fic. 27. Th. Di., girl, aged 12 11/12, February, 1928. See also figures 28 and 29. Right: 
Calcified nodule, surrounded by a few strands, on 8 rib; in the hilum shadow, two calci- 
fied nodes in 8 i.s., one lying on tip of 4 rib, and a density mesial to them, due to a vessel, 
these being verified in figure 29; another calcified node on 7 rib; spots below 7 rib and 
on 6 rib due to vessels; a soft wedge-like infiltration in 3 post. i.s. reaching to 4 rib; 
fainter densities in extreme apex. Rest of lung-fields, including hila, normal for a film 
of this density and moderately rapid exposure. In September, 1926, and in April, 1927, 
there was no apical infiltration; the films otherwise the same. No signs, no symptoms, 
no frequent colds. TBN had been + + to 0.1 mgm. May, 1927. Wt. 83 per cent 
February, 1928; had been 88 per cent in January, 1926. Child examined because of 
contact, the father being dead of tbc., brother sputum-positive and two sisters having 
latent apical lesions, one shown in figure 24. Sanatorium care had been advised in 
previous years but refused, and was again refused at this time. 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


ThD V3, 


Fic, 28. May 31, 1928 view of figures 27 and 29. Right: Calcified nodule with surround- 
ing strands well seen on tip of 4 rib; two associated calcified nodes on hilum shadow 
above 9 rib; the spot due to vessel mesial to these nodes stands out sharp and round, 
whereas the nodes are clearly irregular; in upper part of 7 1s. irregular calcification; 
close below and slightly mesial, a vascular shadow; on 6 post. rib dense, irregular shadows 
due to axially radiated bronchi and vessels, which were differentiated from calcified 
nodes in views from different angles; at 3 post. i.s. and 4 rib a rarefied density with soft 
infiltration around it, and also above it in 2 i.s.; faint strands in extreme apex. Note 
position of patient with clavicles high to show posteroaxillary part of 3 i.s. Rest of both 
lung-fields, including hila, normal. The vascular detail, with irregular densities upon 
it, is due solely to the size of these normal vessels and their branches, some axially 
radiated. The thin chest-wall allows recording of fine detail. Note soft cloud right and 
left about tip of 5 rib, which is due to small mammae; the superimposition of vascular 
shadows upon them simulates infiltration. Exhaustive phys. exam. directed to infiltrated 
and other areas negative. Patient and mother denied symptoms despite close cross- 
questioning. This is not conclusive because of their lack of codperation. 
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F. MAURICE MCPHEDRAN 


Fic. 29. September 8, 1928 view of figures 27 and 28. Calcified nodule and nodes can 
be verified in this figure, and those appearances due to difference in level of tube or in 
density of film can be checked. Right: Cavity 2.2 cm. across, confirmed in oblique expo- 
sures, is the centre of a dense infiltration from 3 to 5 post rib, with older infiltration in 
apex and soft, fresh infiltration as low as post. 7 i.s. Limitation of movement, dulness, 
and rales over lesion, with whispered pectoriloquy over upper part. T. to 99.6. TBN 
+ + +to0.01 mgm. Wt. 80 per cent. Slight cough since beginning of August. Sputum 
denied; two specimens raised after special instruction negative. Fatigue definite; appe- 
tite good. Patient and mother refused hospitalization steadily from February, 1928 
till this date. Bed-rest caused marked retrogression of lesion. Prognosis depends chiefly 
on continuation of rest till sharp, stable strands comprise whole area of lesion. 


620 
3 
4 
d 
5, 
16 
x q 
; 


PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 30. Vi. Sch., boy, aged 12 3/12, June, 1924. See figures 31 and 32. Soft mottling 
as low as 4 post. 1.s. right and left, and a calcified hilum node at right 8 rib; both hila 
otherwise normal; other densities due to vessels. Previous serial films show that this 
infiltration originated in and descended from the extreme apex. - A few rales at one 
examination. TBN -++ + + to 0.01 mgm. Wt. 106 per cent. No symptoms and only 
transitory signs. Despite an increasing X-ray density, the boy did not receive adequate 
rest, probably because he had good color, looked very well and remained above normal 
weight with steady growth and splendid physique. See figures 31 and 32. Sputum had 
become positive and lesion far advanced, with consolidation and excavation, in March, 
1928. His father died of pulmonary tbc.; his brother has a tracheobronchial calcification. 
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F. MAURICE MCPHEDRAN 


Fic. 31. February 20, 1926. Same case as in figures 30 and 32. Right: Infiltration above 
clavicle is denser and there is a patch at 5 rib at post. axillary line; calcified node at 7 
post. rib and i.s. Left: Moderately dense infiltration above post. 5 rib. Hilum both 
right and left and rest of both lung-fields normal. Phys. exam. at this date reported as 
normal. TBN + + to0.01 mgm. T. normal. Wt. 103 per cent. Nosymptoms. Animal 
inoculations of throat-swab and feces both negative. General condition apparently 
excellent. Physician in charge of this boy considered X-ray report of spread not signifi- 
cant. (Cf. figure 32.) 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 32. Film of September, 1928, of case shown in figures 30 and . Right: Infiltra- 
tion to post. 8 rib, dense at post. 4 1.s. Left: Infiltration to post. 7 rib. Note relatively 
diminished density of both apices compared with figure 31. This boy was in hospital 
but ambulant from August, 1926, to August, 1927. He was returned 1 
still with no symptoms and with trivial signs. Nevertheless, the density in both apices 
had increased with a small cavity in the right. Against our advice he worked in school 
until February, 1928, when he returned to the dispensary complaining of slight cough 
for two weeks. Sputum was positive. Wt. 101 per cent. He said he felt well. Impair- 
ment of both apices was reported, with a few fine rales over the right apex. He was in 
an institution again from March to September, 1928, ambulant all but six weeks. Symp- 
toms promptly subsided. Signs were said to be trivial, a not uncommon report on boys 
with heavy musculature. No roentgenograph was made. The boy was again returned 
to school. He said he felt well. We found the above lesion with signs of excavation on 
the right. Sputum, said to be less than one drachm, positive, Gatfky IV. We again 


referred him for institutional care, advising absolute bed-rest. 


as hit for school, 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 33. Es. Fo., girl, aged 19, April, 1929. Right: Homogeneous infiltration of the 
apex with soft spots as low as 3 rib at ant. axillary line. In the hilum one spot at 8 rib 
is due to tracheobronchial calcification, the remainder to vessels. Left: Soft infiltration 
above clavicle. Otherwise both lung-fields and hila normal. Questionable impairment 
of both apices. TBN + + + to 0.01. T. normal. Wt. 100 per cent. No symptoms. 
Roentgenographs of February, 1928, showed only the tracheobronchial calcification 
noted. This child, because her sister has a far-advanced lesion, has been sought for 
examination semiannually. She feels well and so far refuses treatment. 

This case is of interest both because it is representative of a fairly large group of ado- 
lescent children and because the lesion, soft and of relatively recent development, has 
arisen without symptoms, or, at least, without symptoms sufficiently definite to attract 
the patient’s attention. We have followed several such lesions. In particular two, in 
boys, increased for some 6 mos. until there existed a lesion of moderately advanced 
extent. In the succeeding 8 to 10 mos. retrogression occurred until a few soft strands 
replaced the flocculent, almost confluent infiltration. It seemed that the lesions were 


likely to cause no obvious illness. However, after another 6 to 8 mos., definite symptoms 
suddenly began and the lesion was found to have extended beyond its original limits, 
to have become soft again and to present excavations. 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


Fic. 36. Al. Sh., girl, aged 14, May, 1928. Right: Slight prominence and blurring of 
vessels in paracardiac area. Left: An irregular, ill-delimited shadow obscures the left 
cardiac margin; diaphragm adherent in axilla. Characteristically, this shadow of a 
chronic nontuberculous pneumonia is striated by vessels, and, before sputum loculation 
occurs above the diaphragm, is denser centrally than on the costal pleura; it arises 
beside the heart and spreads posteriorly and laterally. (Cf. figure 19.) Characteristically, 
the patient suffers recurrent attacks, with increased rales, marked cough, profuse 
expectoration, and rapid recovery of strength; between exacerbations, cough persistent 
and sputum scanty and negative for t.b., with no predominating microérganism. This 
child is overweight. 

This density of chronic nontuberculous infiltration is made up of close-set, somewhat 
flocculent spots. The superimposition of these on the vessels produces an irregularly 
striated cloud. The vessels lose the appearance of a normal symmetrical arborization, 
and partly because of the spots of density and partly because of the disturbance of the 
normal architecture as a result of scarring, they look beaded, unequally thickened and 
often (cf. right side of figures 37 and 39) as though pulled out into almost straight lines 
decreasing in diameter towards the diaphragm or axilla. In the moderately severe stages 
(figures 36 and 39) there is often a cloud on the heart and a slight filling in of the costo- 
phrenic sulcus with relatively little obvious change between these points. Close inspec- 
tion of properly exposed, somewhat soft films shows a delicate linear striation running 
from heart to axilla. It is often best seen in rotation or oblique exposures. Characteris- 
tically in the moderate stage of chronic nontuberculous pneumonia, the maximum 
density is central, close to the heart, rather than on the costal pleura. As the lesion 
increases in severity and sputum becomes persistent between recurrent attacks of acute 
pneumonia, it spreads down to and along the diaphragm. In the stage illustrated in 
figure 36, the pericardiac cloud is constant and acute exacerbations, one of which was 
seen in January, 1929, are recorded as additional soft opacities above the diaphragm, 
sometimes representing a direct extension of the persistent infiltration, sometimes 
separated from it by relatively uninvolved lung. 
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Fic. 39. D. DeM., boy, aged 14 4/12, February, 1929. Right: Prominent basal vessels 
with irregular density beside heart and blurring of diaphragmatic contour. Hilum 
shadow little changed except in lower part; even here, chief density is in parenchyma, 
emphasizing the slightly enlarged vessels by superimposition of its shadow; one large 
spot on 7 post. rib due to vessel. Left: Large spots due to vessels in hilum, which is 
slightly enlarged by these; blurring of cardiac margin, costodiaphragmatic adhesion 
and dense strands on diaphragm. Definite impairment, left base, was only physical 
sign reported. Fingers slightly clubbed and cyanotic. TBN + to 1.0 mgm. Wt. 100 
per cent. T. 99 to 99.6. Pneumonia at 2, 5 and 11 yrs.; subject to colds throughout 
the year. Cough rarely ceases; sputum variable from ‘‘slight’’ to ‘‘moderate”’ amounts; 
blood-tinged in 1925. Pain in left chest, chiefly anterior. Headache at times. Epistaxis. 
Examination of sinuses not yet completed. 
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PULMONARY TUBERCULOSIS IN CHILDHOOD 


vir, 1744 


Fic. 40. Jo. Fo., boy, aged 6, July, 1925. Right: The arm shadow overlies part of 
axillary lung-field. Actual displacement of heart and mediastinum to right somewhat 
exaggerated by patient’s rotated position; infiltration scattered throughout, denser at 
6, 8 and 9 post. i.s.; two large vessels axially radiated, with part of connecting vessel 
between them, cause dense shadow at post. 8 rib and is. Left: Many large vessels 
running to and from hilum give it a densely matted appearance. Irregularly dense 
strands throughout lung-field chiefly due to enlarged vessels from which emerging 
branches are radiated at various angles. Large vessels and infiltration in lower half, 
particularly close to the heart; all dense spots right and left due to vessels. RAles over 
right, both anteriorly and posteriorly, and over left posteriorly; breath sounds obscured. 
TBN neg. to 1.0 mgm. 1924, 1926 and 1927. T. irregularly up to 100. Cough persistent 
since pneumonia at 414 mos., ceasing in summer only. Sputum, variable in amount, 
negative for t.b. on animal inoculation. Right maxillary sinus hazy. 
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MULTIPLE INTERCOSTAL NEURECTOMY FOR 
PULMONARY TUBERCULOSIS! 


JOHN ALEXANDER 


Nine years ago when performing experiments on dogs to evaluate the 
influence of thoracic movement upon the disappearance of pleural ad- 
hesions, I resected the phrenic and intercostal nerves on one side of the 
body and was astonished at the almost total immobility of that side of 
the chest and at the marked falling in of the ribs overlying the lung. 
The operation itself and its physiological effects seemed to be harmless; 
no dyspnoea resulted. The idea at once suggested itself that in certain 
cases of pulmonary tuberculosis this operation would offer many of the 
advantages of thoracoplasty without its chief dangers. After thoroughly 
testing this combination of phrenicectomy and multiple intercostal 
neurectomy upon animals, but before an opportunity presented to use it 
upon man I found that in 1913 Schepelmann (1) had already made similar 
observations on rabbits but did not offer the operation for use in man 
because he considered it superfluous in view of the considerable pulmo- 
nary rest obtained by phrenicectomy. Hug (2) noted the same morpho- 
logical and physiological effects in dogs as Schepelmann had in rabbits. 
In 1913 Friedrich (3) and Warstat (4) performed the operation on a man 
who, however, presented unsatisfactory indications for the operation 
and the result was unsatisfactory. Apparently they abandoned the 
operation, although Friedrich occasionally used it to supplement the 
effect of thoracoplasty. Bonomo (5) performed the operation once on a 
man in 1927, but said nothing of the patient’s condition, the indications 
for operation, nor of the operative result except that there was much 
dyspnoea. On the basis of my own and others’ experimental findings 
and in spite of the total absence of adequate clinical reports, I (6) pre- 
dicted in 1925, when writing upon the surgery of pulmonary tuberculosis, 
that phrenicectomy combined with multiple intercostal neurectomy, 
might prove to be a valuable procedure jor patients too ill for thoraco- 


1 From the Department of Surgery, University of Michigan Hospital, Ann Arbor, Michi- 


gan. Presented before the twenty-fifth annual meeting of the National Tuberculosis Associa- 


tion, Atlantic City, New Jersey, May 29, 1929. 
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plasty. Since then I have used the operation on six patients, and the 
results which are reported below seem to justify that prediction and to 
extend the indications. 

Codina (7) in 1913 advocated stretching the second, third and fourth 
intercostal nerves in the expectation of stretching the thoracic sym- 
pathetic nerves through their rami communicantes and thereby stimu- 
lating certain vasomotor fibres in the sympathetics so as to increase the 
blood supply to the lung. He offered no experimental foundation what- 
ever in support of this theory. In his one patient there was a 7-kgm. 
gain in weight, less fever and fewer tubercle bacilli 50 days after opera- 
tion, which improvement he implied was due to the operation. Alvarez 
(8) in 1913 resected 5 cm. of the second, third, and fourth intercostal 
nerves in one patient but there was no improvement. In three other 
patients he pulled, twisted and evulsed the second, third and fourth in- 
tercostal nerves in order to cause a temporary paralysis of the pulmonary 
vasoconstrictors in the sympathetic nerves. In 1920 Alvarez (9) re- 
ported that after temporary improvement three of his four patients had 
soon died, and so he proposed, but had not yet practised, resection of 3 
cm. of each of the second, third and fourth sympathetic nerves, including 
the second and third ganglia through a trapdoor incision. He hoped 
this might produce a permanent pulmonary hyperaemia. 


ANATOMY AND PHYSIOLOGY 


The intercostal nerves in man supply motor fibres to the external and 
internal intercostal muscles, the subcostals, levatores costarum, serrati 
postici superiores and inferiores, transversus thoracis, and the recti, 
external and internal obliques and transversales of the abdomen. The 
phrenic is the only motor nerve of clinical importance to the diaphragm. 
Division of all intercostal and phrenic nerves would therefore paralyze 
every muscle normally used in quiet respiration (diaphragm, external 
intercostals, levatores costarum, serrati postici superiores) and in addi- 
tion some of the accessory muscles used in forced respiration (internal 
intercostals, subcostals, serrati postici inferiores; transversus thoracis, the 
levator anguli scapuli, rhomboidei, latissimus dorsi, the obliques, trans- 
verse and rectus muscles of the abdomen). 

Resection of the second to eleventh intercostal nerves, inclusive, on 
one side of the body and of the homolateral phrenic nerve puts that side 
at almost complete rest during quiet respiration. Some respiratory 
movement is transmitted by way of the sternum from the freely moving 
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opposite side; also the scaleni and the upper fibres of the serratus posticus 
superior (when the first or first and second intercostal nerves have not 
been divided) by their contractions freely raise the upper few ribs, as 
the paralyzed intercostal muscles offer no resistance. In quietly breath- 
ing, unoperated animals in which the intercostals are not paralyzed, 
the scaleni and serrati postici superiores act not to raise the upper ribs, 
but merely to anchor them so the contractions of the intercostal muscles 
will not depress them but will raise the ribs below the first (Hoover (10) ). 

Forced respiration on the operated side would still be possible by means 
of those accessory muscles of respiration which are not supplied by the 
intercostal nerves (scaleni, pectorals, serratus magnus, rhomboids, leva- 
tor anguli scapuli, trapezius, latissimus dorsi, sternocleidomastoid, sterno- 
hyoid, sternothyroid, and the unparalyzed muscles of the abdominal 


wall. 
ANIMAL EXPERIMENTS 


The following report? of the pathologicophysiological effects of inter- 
costal-nerve and phrenic-nerve paralysis is based upon a series of opera- 
tions on 22 dogs and 3 guinea pigs performed between 1920 and 1928 
as well as upon certain parts of the recent excellent work of Lemon (11, 12, 
13), the remarkable article of Hoover (10), and the articles to which 
reference was made at the beginning of this paper. 

The majority of my operations on dogs consisted in the removal of 
several centimetres of each of ten intercostal nerves (a dog has twelve 
exclusive of the subcostal) and of the phrenic nerve, all on one side of the 
body. Typically, there resulted an immediate marked reduction in the 
respiratory mobility of the operated side with some increase in excursion 
of the opposite thoracic wall. Reduction in movement during quiet 
respiration is great but not complete. The depth of respiratory move- 
ment of the operated side of the chest sometimes will be approximately 
90 per cent less than that of the unoperated side, sometimes 75 per cent 
less, sometimes 50 per cent less, sometimes 25 per cent less, and sometimes 
the movement of the two sides will be apparently equal. The greatest 
residual movement occurs between the third and sixth ribs, between the 
parasternal and anterior axillary lines. During quiet inspiration this 
portion of the thoracic wall sinks in paradoxically, owing to the negative 

?Dr. Samuel Meltzer and Dr. Howard B. Hunt of the Department of Roentgenology, 


University Hospital, made important contributions to this study through their careful fluoro- 
scopic and roentgenographic observations. 
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intrathoracic pressure having practically no contrary muscular resistance 
to combat. On deep inspiration this same portion of the thoracic wall 
rises instead of sinks because the combined power of the transmitted 
lift by the opposite thoracic wall and the action of the scaleni and other 
accessory inspiratory muscles is greater than the negative intrathoracic 
pressure. The sternum shifts slightly toward the operated side during 
inspiration. 

When the serratus posticus superior muscle (not all of which was para- 
lyzed when the upper one or two intercostal nerves were not divided) 
was resected, it was found that the outward inspiratory movement of 
the mentioned parasternal to anterior axillary area was partly or even 
almost wholly absent, except when inspiratory efforts were greatly 
increased. 

It is obvious that when the intercostal muscles are paralyzed, and 
therefore incapable of contributing to the normal integrated action of 
the various respiratory muscles, different depths of respiration as a whole, 
and stress upon the use of different groups of accessory respiratory mus- 
cles will cause varying patterns of normally and paradoxically directed 
movements. 

In one dog which had had resection of ten left intercostal nerves and 
partial resection of the left phrenic, there was great incoérdination of 
costal movements during violent respiration; some of the ribs were seen 
under the fluoroscope to be raised in inspiration and some to be lowered. 
During quiet respiration, on one occasion, the upper third of this dog’s 
left chest moved about 33 per cent less than his right and the lower two- 
thirds of the thorax moved equally on the two sides. On another 
occasion, the entire left chest of this same dog moved much less than 
the right. 

Approximately the lower third of a dog’s lateral costal wall from about 
the ninth to the thirteenth ribs, inclusive, overlies the abdomen and not 
the thorax. After unilateral phrenicectomy and multiple intercostal 
neurectomy this abdominal costal wall usually bulges in quiet inspiration 
whereas the thoracic wall usually is depressed (figure 1, A). The bulging 
is probably due not to muscular action but to pressure from within by 
the abdominal viscera which are pushed against the costal wall by descent 
of the unparalyzed half of the diaphragm. ‘That this is probably the 
true explanation is evidenced by (1) the fact that, when the opposite 
phrenic nerve is severed, the lower costal wall becomes almost wholly 
immobile during quiet respiration; (2) when the intercostal nerves but 


j 
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Fic. 1. Tracings of roentgen-ray films of dogs showing conformation of diaphragm and 
thoracic and abdominal costal walls. The dogs’ left sides are at the reader’s right. 

A: After left phrenicectomy, multiple intercostal neurectomy and resection of serratus 
posticus superior; left thoracic wall is relatively flattened whereas abdominal wall is bulging; 
left half of diaphragm is raised and costophrenic signs nearly obliterated. 

B: Same dog as A. Shading represents area of greatest postoperative depression of 
thoracic wall as seen without roentgen rays. 

C: After left multiple intercostal neurectomy, resection of left serratus posticus superior 
and multiple intercostal neurectomy at the right costal border; upper left thoracic wall is 
flattened, lower left thoracic and upper abdominal wall bulges. 

D: After left phrenicectomy and resection of lower six left intercostal nerves; unusual 
bulge of lower left thoracic wall owing to influence of muscles supplied by undivided upper 
intercostal nerves; this bulge has altered the ordinary relationships of the paralyzed hemi- 
diaphragm; usual bulge of abdominal costal wall. In all the experimental animals the changes 
in conformation of the chest were slight in comparison with the great and clinically important 
changes in movement which are described in the text. 
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not the phrenic nerve of one side are divided, the inspiratory bulge of 
the abdominal costal wall becomes much lessened or absent, owing to 
the inward pull of the diaphragm directly on the ribs being unopposed 
by the paralyzed intercostal muscles. In animals prepared thus there 
was naturally less reduction in the respiratory movements of the lower 
costal wall than in other animals which had had both intercostal neurec- 
tomy and phrenicectomy. 

Dogs with multiple intercostal neurectomy but no phrenicectomy, 
which had little or no bulge of the lower costal wall either premortem or 
postmortem, acquired a bulge after the skin and muscles were stripped 
from the ribs after death. In a dog in which one phrenic and the lower 
six intercostal nerves on one side had been divided (figure 1, D) there 
was a marked bulge of the lower costal wall during quiet respiration as he 
lay on his back but complete loss of this bulge and even a reduction of 
the normal circumference when the dog whined or squirmed. It is 
probable that this action was due to indirect traction upon the lower ribs 
by increased contraction of the unparalyzed abdominal muscles. These 
examples illustrate the abnormal susceptibility of the costal wall to 
various forces and demonstrate experimentally why, clinically, contrac- 
tion of pleural or intrapulmonary fibrous tissue seems so easily to draw 
in the ribs and fix them when the operation is performed for phthisis in 
man. 

Many direct and fluoroscopic observations on the diaphragms of dogs, 
in which unilateral phrenicectomy but no intercostal neurectomy had 
been performed, showed that the dome of the paralyzed side was some- 
what flattened and that the costophrenic angle tended to be obscured 
by bulging of the relaxed diaphragm against the costal wall. The lateral 
two-thirds of the paralyzed half of the diaphragm usually rose a little 
during inspiration as the unparalyzed side descended. Frequently, both 
on fluoroscopic and unaided inspection through a thoracotomy or laparot- 
omy incision, the mesial portion of the paralyzed half of the diaphragm 
was seen to descend and be pulled to the opposite side by the unparalyzed 
muscle. The descent of this mesial portion is from one-third to two- 
thirds less than that of the unparalyzed side. 

Paralysis of a hemidiaphragm removes the strong inward inspiratory 
muscular pull upon the lower ribs; therefore the inspiratory movement 
of the costal thoracic wall outward is but little opposed and increases 
from 30 to 50 or even to 100 per cent more than normal. During deep 
respiration, however, the range of motion of the lower costal wall on the 
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side of the unparalyzed diaphragm is greater than on the side of the 
paralyzed diaphragm. 

The diaphragms of several guinea pigs were well inspected by making 
a transverse incision across the upper abdomen and by retracting the 
liver, except at the vena cava, from the diaphragm. Without the coun- 
tersupport of the anterior abdominal wall the most striking inspiratory 
action of the diaphragm was seen to be the pulling of the ribs mesially. 
In addition, there were laying open of the costophrenic sinuses and de- 
scent of the central tendon. A spot on the lateral side of the central 
tendon was seen to move laterally with the muscular contraction of 
inspiration and a spot posterior to the tendon to move posteriorly. In 
these animals the lung was clearly visible through the diaphragm and 
was seen to descend vertically with descent of the diaphragm, and not 
to slide laterally or change its position with respect to the median line. 
The diaphragm, however, slid laterally and posteriorly beneath the lung. 
Total paralysis of the right diaphragm of one of these guinea pigs did not 
cause the screw-like motion of the paralyzed dome toward the opposite 
side and backward that was observed in dogs. The excursion of the 
unparalyzed diaphragm with respect both to descent of the dome and 
laying open of the sinus increased 50 per cent. The right costal border 
moved upward and laterally on inspiration whereas the left was pulled 
mesially and somewhat downward, although the anterior abdominal 
muscles had been divided. Of these contrary movements the latter 
seemed the stronger because the edge of the lower right lobe was seen 
constantly to move anteriorly and mesially during inspiration, as though 
pulled by a shift of the mediastinal partition to the left as the unparalyzed 
left diaphragm descended. 

In dogs after phrenicectomy and intercostal neurectomy, although the 
ribs overlying the abdomen below the diaphragm bulge during quiet 
respiration, those over the thorax are depressed. ‘The greatest depression 
is usually between the fourth and eighth ribs, inclusive, and between the 
parasternal and midaxillary lines (figure 1, B). This depression became 
less marked after the skin and muscles were removed from the outer 
surface of the ribs. 

Owing to many varying factors during the experimental observations, 
such as different phases and depths of respiration and of contraction of 
the scaleni, abdominal muscles and accessory muscles of respiration, 
accurate conclusions cannot be drawn as to the width of the intercostal 
spaces after the typical operation described, nor after the many combina- 
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tions of operations practised in causing both partial and more or less 
complete respiratory immobility. The majority of the experimental 
observations showed increase in the distances between the ribs, as would 
be expected to follow paralysis and relaxation of the intercostal muscles. 
It is Hoover’s (10) opinion that during quiet respiration there is no im- 
portant change in the width of normal intercostal spaces. 

The compensatory ability of the accessory muscles of respiration is 
remarkable. I have performed bilateral phrenicectomy on a dog and, 
nine days later, under intratracheal ether anaesthesia with the side to be 
operated on uppermost, intercostal neurectomy of ten nerves on one 
side. The dog did not seem to suffer from hypoventilation during quiet 
pursuits although the respiratory rate upon recovery from the anaesthetic 
was eighty, ten days later seventy-two, and a month after operation 
sixty. Following the bilateral phrenicectomy there were marked in- 
crease in the amplitude of the costal excursions and great inspiratory re- 
traction of the epigastrium. After the left multiple intercostal neurec- 
tomy respiratory function seemed to be carried on almost wholly by 
the right costal wall. In another dog five days after bilateral phrenicec- 
tomy, during the first four days of which time there was some dyspnoea 
while the dog moved about in its cage, I began the operation of multiple 
intercostal neurectomy under intratracheal ether anaesthesia, with the 
side to be operated on uppermost; before any intercostal nerve was 
divided there was labored respiration and after division of four left 
intercostal nerves (twelfth, eleventh, tenth, ninth) the animal ceased to 
breathe. Lemon (11) has not noted as much respiratory embarrass- 
ment as I have. In a dog he paralyzed twenty-four intercostal nerves 
and found no respiratory incompetence, cyanosis, or dyspnoea and no 
change in respiratory or pulse rates, and the animal was able to undergo 
tests of endurance without discomfort. In one dog he paralyzed both 
phrenic nerves and eight intercostal nerves on one side and ten on the 
other. Under the anaesthetic respiratory function was in danger but, 
by the next day, the dog was playful and without dyspnoea. In another 
dog he operated in four stages: (1) divided the intercostal nerves of 
one side; (2) divided the intercostal nerves of the other side; (3) phrenicec- 
tomy; (4) phrenicectomy on the opposite side. Even after the third 
stage the dog ran up and down stairs without dyspnoea. After the 
second phrenic nerve was severed there was dyspnoea under the anaes- 
thetic and the accessory muscles of the head, neck and shoulders were 
brought into play. Eight days later another anaesthetic was given and 
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there were dyspnoea and cyanosis, and artificial respiration was necessary 
for resuscitation. 

In medium-sized rabbits Warstat (4) injected into the ear vein 0.001 
gm. of attenuated living tubercle bacilli either on the day of, or the day 
before or after operation. Those animals that survived long enough for 
observation showed fewer and smaller tubercles in the lung of the oper- 
ated side and often the upper lobe contained no tubercles at all. The 
opposite lung had many. Control animals showed a more equally 
bilateral distribution of the lesions. 


PATHOLOGICOPHYSIOLOGICAL OBSERVATIONS ON MAN 


All the findings in nondiseased dogs obviously cannot be accepted as 
necessarily valid for either normal or diseased human beings, but broadly 
considered they may be. ‘The effect of bilateral intercostal-nerve paraly- 
sis without phrenic-nerve paralysis, in a man who had had anterior 
poliomyelitis and whose lungs and pleurae presumably were normal, has 
been accurately described by Hoover (10). This patient’s vital capacity 
was reduced only 15 per cent, from an estimated normal of 3,800 to 3,200, 
because the unparalyzed diaphragm and accessory respiratory muscles 
were brought into play for the forced effort required for a vital-capacity 
reading. However, this patient’s bilateral intercostal-nerve paralysis 
deprived him of approximately 50 per cent of what should have been his 
normal power of circumferentially constricting his thorax. 

In the clinical application of respiratory-muscle paralysis by unilateral 
multiple intercostal neurectomy and phrenicectomy for phthisis, it does 
not seem to me wise to paralyze other accessory muscles of respiration 
than those innervated by the intercostal nerves, unless the scaleni, 
because such additional paralysis would be crippling and because a pa- 
tient leading the quiet life demanded while his disease is active ordinarily 
would not use these accessory muscles (save the scaleni) except when 
performing such important actions as coughing or defaecating, or when 
some emergency, such as spread of tuberculous disease within the lungs 
or a pneumonia, would have need of them. 

As mentioned above, the scaleni do cause some expansion of the upper 
thorax during quiet inspiration after the intercostal muscles have been 
paralyzed.- For this reason, in certain cases, it will probably be advan- 
tageous to divide the costal attachments of the scalenus anticus and me- 
dius, or to resect a portion of them, when performing phrenicectomy; and 
at the time of the operation of intercostal neurectomy similarly to treat 
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the scalenus posticus. I have not yet done this but I expect to because 
of its presumptive value. 

As paralysis of the intercostal and phrenic nerves on one side greatly 
reduces the power to expand and contract that side of the thorax and 
paralyzes nearly all of the abdominal-wall muscles of that side, it is 
probable, on a priori grounds, that the power of coughing and expectorat- 
ing is weakened. Friedrich (3) feared this as a postoperative complica- 
tion and his one patient had difficulty with expectoration, the extent of 
which he does not describe. Hoover’s (10) patient who had paralysis of 
all but the lower four right intercostal nerves, but of neither phrenic, 
lacked sufficient explosive expiration for effective expectoration, and 
when he had a “‘cold” he was obliged to lie on a hard mattress or to hug 
his chest when he wished to raise sputum. With regard to the ability 
to expectorate, the extensive bilateral intercostal paralysis of this patient 
obviously is not quantitatively comparable with the unilateral paralysis 
of the therapeutic operation under consideration. In not one of the six 
patients I have operated on has there been any clinically important diffi- 
culty with expectoration. ‘Two patients stated that it was somewhat 
more difficult to “raise” and one patient believed it easier. Several 
of these six patients had considerable pleural and intrapulmonary fibrosis 
which stiffened the costal wall against excessive bulging during coughing. 
One patient seemed to have little pleural fibrosis although pneumothorax 
could not be induced. When she lay on her back and coughed, approxi- 
mately the lower third of her costal wall (that overlying the abdomen) on 
the operated side bulged outward and the upper two-thirds bulged little 
if any, whereas the costal wall of the unoperated side jumped inward in 
the normal way. When she coughed while lying upon the operated 
side or sitting up, she raised her sputum without undue difficulty. This 
patient has only recently been operated on. As healing of her tubercu- 
losis proceeds, the sputum may be expected to decrease and intrathoracic 
fibrosis to increase, with the result that the function of expectoration 
probably will become seemingly normal when she is not lying on the 
operated side and when she is not using the elastic support which she 
now wears in order to check movement of the unparalyzed accessory 
respiratory muscles. 

Paralysis of the second to the eleventh intercostal nerves, inclusive, 
on one side paralyzes the upper and middle portions of the rectus, ex- 
ternal and internal oblique and transversalis muscles of that side of the 
abdomen. Obviously these muscles then fail to aid in coughing. They 
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do not markedly bulge, however, since they are kept somewhat taut by 
the tonus of the unparalyzed muscles with which they are in continuity. 
This is evidenced by the upper linea alba being displaced after operation 
approximately 1.2 cm. toward the unoperated side of the body. When 
the patient sits up from the supine position the umbilicus may be seen 
to move downward and toward the unoperated side. During coughing 
the paralyzed muscles act as a passive portion of the abdominal wall, 
which as a whole is still effective in producing an explosive expiration 
sufficient to prevent stasis of secretions in the lung. This is accomplished 
by the muscles on the unoperated side of the abdomen and, on the oper- 
ated side, by the unparalyzed quadratus lumborum and those lower 
abdominal muscles supplied by the twelfth thoracic, ilio-hypogastric 
and ilio-inguinal nerves. 

The great bulging of the abdominal wall that is sometimes seen after 
an extensive Schede operation for empyema is not likely to occur after 
therapeutic intercostal neurectomy because the costal margin, to which 
the important abdominal muscles are attached, remains in normal firm 
continuity with the rest of the thoracic case, whereas after a Schede 
operation it is more or less completely severed from its bony anchorage. 

Resection of the second to eleventh intercostal nerves, inclusive, causes 
anaesthesia to light touch and to pain from pricking with a pin from about 
the spine of the scapula in the scapular line, and the fifth rib in the pos- 
terior axillary line, down to the tenth intercostal space; in the midclavicu- 
lar line from the fourth or fifth rib to two or three centimetres below the 
umbilicus (figure 2). Posteriorly and mesially the anaesthetic zone 
begins at the line of incision, and anteriorly and mesially stops from one 
to two and a half centimetres short of the midline of the body. Failure 
of the area of cutaneous anaesthesia to coincide exactly with the dis- 
tribution of the severed intercostal nerves is explained by the supple- 
mentary sensory nerve supply of certain portions of the cutaneous area 
under discussion. None of my patients has really complained of the 
anaesthesia and only one mentioned the ‘‘woodeny sensation.” In none 
has there been any demonstrable trophic disturbance. In one of 
Lemon’s (11) dogs, in which he had divided two phrenic and twenty- 
four intercostal nerves, a trophic ulcer developed over the sternum. 

The effect of unilateral phrenicectomy and multiple intercostal neurec- 
tomy upon the respiration of human beings affected with extensive 
predominantly unilateral pulmonary tuberculosis is essentially a marked 
decrease in respiratory movements, both quiet and forced. As forced 
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respiration brings into play those accessory muscles that remain un- 
paralyzed, quiet breathing obviously will demonstrate a greater differ- 
ence in the depth of respiration than will forced breathing (Hoover (14) 
and figures 3, 9, 10). 

Thoracic-wall movements may be more accurately and strikingly 
demonstrated by observing the costal walls and diaphragm under the 
fluoroscope than by merely inspecting the body surface. The paralyzed 
hemidiaphragm is higher than normal, the costophrenic sinus is more or 
less completely obliterated, and the dome does not descend during in- 
spiration except sometimes slightly at its mesial portion where it may 


Fic. 2. Shading represents cutaneous area that is anaesthetic to light touch and pin prick 
following resection of the second to eleventh intercostal nerves, inclusive. 


be activated by its attached unparalyzed half. Instead of the normal 
descent of the paralyzed dome there is usually a slight inspiratory ascent. 
This paradoxical movement is greatly accentuated when the patient 
sniffs or attempts to take a deep breath with mouth and nostrils closed. 

Respiratory movement of the entire costal wall on the operated side 
is greatly reduced (figure 3). During some observations this reduction 
has been seen to be relatively greater in the upper thorax and sometimes 
in the lower. This variability is probably due to shifting of predominant 
muscular action to different groups of unparalyzed accessory muscles of 
inspiration. In different patients, and at different examinations in the 
same patient, the decrease in movement may be estimated to range 
between 20 and 90 per cent. Movements seem to lessen as time passes; 
this is probably due to progressive pleural and intrapulmonary fibrosis. 
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Itespiratory movement of the unoperated side was not observed to be 
increased in any of my six patients save one,—he who had a failing 
cardiocirculatory system, 


hic. 3.5 Case 6, seven months after left phrenicectomy and two weeks after left multiple 


intercostal neurectomy. Two exposures on same film, one taken at end of a quiet normal 
inspiration, the other at the end of a quiet normal expiration. Superimposition of the 
clavicular images indicates absence of forced respiratory effort. Considerable divergence of 
the images of identical ribs of the right side indicates an approximately normal range of 
movement on this side. The nearly superimposed images of identical ribs of the left side 
demonstrate relative immobility of the ribs of the operated side during quict respiration. 


Compare with figures 9 and 10. 


Dr. P. C. Swenson of the Department of Roentgenology of the University Hospital 


kindly coéperated in making the special exposures reproduced in figures 3, 9 and 10. 
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With regard to dyspnoea following unilateral phrenicectomy and in- 
tercostal neurectomy, three of my patients, who are no longer confined 
to bed, have experienced some mild dyspnoea. ‘The other three patients 
have noticed none or, in one case, no increase over that existing before 
operation. Operation in Bonomo’s (5) patient caused great dyspnoea 
whereas the preoperative dyspnoea of Warstat’s (4) patient was improved 
by operation. 

TABLE 1° 
Case 1: Circumference at ITT rib anteriorly and VI thoracic spine in inches 


FULL EXPIRATION FULL INSPIRATION 


Right Left Right Left 
October 27, 1927 Right phrenice 
tomy 
November 28, 1927 10} 17 17 173 
November 29, 1927 Wight inter- 
costal neurectomy, nerves 2-9, 
inclusive 
June 13, 1928 19 18} 19 193 


Circumference al base of xiphoid and X thoracic s pine 


October 27, 1927 Right phrenicec- 


tomy 


November 28, 1927 17 17 172 173 
November 29, 1927 Right inter- | 
costal neurectomy, nerves 2-9, | 
inclusive 
June 13, 1928 18} 173 18} 18) 


* Although the difference in circumference of the operated side at full expiration and full 
inspiration is little, it is obviously greater than during quiet respiration when accessory 


respiratory muscles are not being used. The difference in circumference during quiet respira 


tion is too slight to be accurately measured. 


My observations upon human beings have been too few to enable me 
to say whether the postoperative decrease in costal respiration is greater 
in women, who are predominantly costal breathers, or in men who are 
predominantly abdominal breathers. Tables 1 and 2 give the preopera- 
tive and postoperative respiratory measurements of the only two patients 
in whom these measurements were recorded. ‘The respiratory difference 
of movement of the two thoracic walls was quite apparent in all six 
patients to inspection and palpation as well as under the fluoroscope. — In 
all. there was some preoperative imitation of movement on the side to 
be operated on, but far less than after operation. 
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In none of my patients have I observed abnormal paradoxical move- 
ment of the costal wall except that described under discussion of the 
outward bulge of the abdominal costal wall during the act of coughing. 
3onomo (5) stated that the whole thoracic wall of his patient’s operated 
side underwent paradoxical movements. 

Upon inspection there is no striking difference in the configuration 
of the thorax (figure 4). The anterolateral depression observed in non- 


TABLE 2* 


Case 2: Circumference at angle of Louis in inches 
AT REST FULL EXPIRATION FULL INSPIRATION 


Right Left Right Left Right Left 


November 10, 1927 Left. phreni- 
cectomy 
January 30, 1928 17 163 163 103 1/3 17 
February 2, 1928 Intercostal neu- 
rectomy, nerves 2-10, inclusive 
February 17, 1928 16; 17 163 163 17; 
June 20, 1928 163 163 153 16} 17 


Circumference at base of xiphoid and X thoracic spine 


November 10, 1927 Left phreni- 
ectomy 
January 30, 1928 15} 14? 15 14} 15; 143 
February 2, 1928 Intercostal neu 
rectomy, nerves 2-10, inclusive 
February 17, 1928 15} 153 14; 
June 20, 1928 : 


* See footnote to table 1. 


diseased dogs is lacking (figure 1, B). As measured in roentgen films the 
intercostal spaces usually are slightly narrower on the operated side; 
this probably is due to contraction of pleural and pulmonary fibrous 
tissue overcoming the contrary tendency of the spaces to widen after 


the intercostal muscles have been paralyzed. 
OPERATIVE TECHNIQUE! 


A half-hour before operation an adult patient is given a hypodermic 
of 1/6 grain (0.01 gm.) of morphine sulphate without atropine. He is 


* The operative technique of phrenicectomy will not be considered here as it has been fully 
described by Alexander (15). 
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placed comfortably on a well-cushioned operating table, with the dis- 
eased side uppermost and with the upper arm placed well forward so as 
to widen the distance between the vertebral border of the scapula and 
the spinous processes. ‘The skin, subcutaneous tissue and muscles are 
infiltrated with 0.5 per cent procaine-hydrochloride solution, and a 
straight incision is made to the angles of the ribs from the second to 
twelfth inclusive (figure 5). Towels are fixed over the incised edges of 
the skin so as to avoid contamination of the wound by cutaneous micro- 
organisms. The second to the eleventh intercostal spaces, inclusive, 


Itc. 4. Absence of deformity, except for scar, several months after operation (case 1 


just anterior and posterior to the angles of the ribs, are infiltrated with 
the anaesthetic solution. Henceforth throughout the operation every 
part of the wound not being worked upon is kept warm by coverings of 
warm saline-solution pads. 

Beginning conveniently at the fifth or sixth interspace, the external 
intercostal muscle is divided for a distance of about 3 cm. halfway be- 
tween the ribs, with the incision centered at the angles of the ribs; this 
incision may divide the outermost tendon of the iliocostalis muscle. 

Great care must be taken not to carry the incision unaware through 
the parietal pleura, which lies just beyond the intercostal nerve and 
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Incision made over angles of ribs through trapezius, rhomboids and Jatissimus dorsi. 


ternal intercostal muscles of second to eleventh intercostal spaces, inclusive, have been divided in order 
The serratus posticus superior and inferior have also been incised, instead, 


Fic. § 
to expose intercostal nerves. 
they may be advantageously resected. Inset drawing shows relation of main incision to ribs and scapula 
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vessels posterior to the angle of the rib, or into the internal intercostal 
muscle anterior to the angle of the rib (figure 6). There are two effective 
guides to aid in determining the depth of the incision. One is the dis- 
tinct layer of fascia (termed the “posterior intercostal membrane” poste- 
rior to the angles of the ribs and the ‘fascial layer between the intercos- 
tal muscles” anterior to the angles of the ribs) that lies just beyond 
the external intercostal muscle. Immediately beyond this fascia are the 
intercostal nerve and vessels which lie in an incomplete sheath of the 
fascia. Just beyond the nerve and vessels, posterior to the angles of the 


| 


hic. 7. Upper edge of a divided external intercostal muscle retracted with Allis forceps 


exposing intercostal nerve which is being directly infiltrated with procaine solution. 


ribs, is the narrow layer of areolar tissue called the endothoracic fascia 
and beyond this is the parietal pleura. Because of the nearness of the 
pleura to the nerve posterior to the angle of the rib, it is preferable first 
to seck the nerve anterior to the angle of the rib where the internal in- 
tercostal muscle is interposed between the nerve and the pleura. In 
other words the internal intercostal muscles ordinarily do not exist 
further posteriorly than the costal angles. These anatomical relations 
are pictured in figure 6. 

The other guide to the proper depth of the incision in the intercostal 
space is the direction of the fibres of the external intercostal muscle, 
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which is from the lower edge of the upper rib forward to the upper edge 
of the lower rib. If the incision anterior to the angles of the ribs should 
be carried too far and into the internal intercostal muscle, its fibres 
would be distinctly seen to be coursing at right angles to those of the 
external intercostal muscle. 

After the incision has been made into or through the external inter- 
costal muscle, good exposure may be obtained by having an assistant 
retract the upper edge of the divided muscle with two Allis forceps and, 
on occasion, the lower edge with one Allis forceps (figure 7). 


lic. 8. Intercostal nerve has been grasped with a haemostat and divided at posterior end 
of incision in external intercostal muscle. Haemostat is drawing nerve posteriorly so that at 
least 2 cm. of it can be resected. Intercostal artery may be seen lying on internal intercostal 
muscle. 


The angles of the upper five ribs are covered by the serratus posticus 
superior muscle and of the lower four ribs by the serratus posticus in- 
ferior. Access to the underlying intercostal spaces may be had either 
by making multiple incisions threugh the serrati (figure 5) or by resect- 
ing those portions of the serrati that interfere with approach to the 
intercostal nerves. It has been my usual practice to resect the muscles; 
this is simpler, makes the wound of approach to the nerves less deep 
and removes from respiratory function those fibres that are supplied by 
the undivided first intercostal nerve and the subcostal nerve. There 
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might, however, be a minor advantage in leaving the serratus posticus 
inferior to assist in coughing and expectorating. 

After the intercostal nerve is seen it is directly injected as far poste- 
riorly as possible by means of a tiny hypodermic needle with 1 per cent 
procaine solution until it swells (figure 7). It may then be gently handled 
with forceps and separated from the intercostal artery which is imme- 
diately above it. Even though the nerve be swollen with the anaesthetic 
solution it cannot be divided without pain for five or ten minutes after 
its injection. Because anaesthesia wears off in about thirty minutes 
the nerve should be severed at some time between ten and thirty minutes 
after injection. While waiting for this opportunity the surgeon proceeds 
with identification and injection of other intercostal nerves. 

Division of the nerve (figure 8) should be made at the posterior angle 
of the incision in the intercostal space, so as to paralyze as many as 
possible of the muscular fibres supplied by the nerve, but not so far back 
as to paralyze the posterior ramus of the thoracic nerve which supplies 
the sacrospinalis muscle. Before dividing the nerve it should be seized 
with a haemostat, and after division this is used to pull the anterior 
stump backward so as to allow resection of at least 2 or 3 cm. of the 
nerve, which wide gap will prevent reéstablishment of continuity by 
regeneration. On several occasions I have evulsed the entire anterior 
stump, but this is unnecessary. If care is taken to isolate the nerve 
from the intercostal vessels before proceeding with manipulation of it 
there will be no bleeding. ‘The incision in the external intercostal muscle 
need not be closed with any suture unless the pleura has been opened, 
in which case closure of the incision would prevent further uncontrolled 
pneumothorax by aspiration of air, which in turn might cause extensive 
emphysema of the thoracic wall from expulsion of the pneumothorax 
air by coughing. It is unlikely that a small pneumothorax following an 
accidental operative wound of the pleura would do the patient other 
than good. 

When the maximum effect from intercostal neurectomy is desired, as 
it is in the majority of cases for which it is indicated, the second to 
eleventh nerves, inclusive, should be resected. I doubt whether the 
advantage of resecting the first intercostal nerve would outweigh the 
technical difficulty of identifying this tiny nerve in the deepest and most 
inaccessible of the intercostal spaces and the extra operating time 
entailed, 


The second and third nerves usually lie higher above the lower edges 
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of their ribs than do the other nerves. The eleventh may lie in the 
middle of the intercostal space in the region of the costal angle or, as 
in one of my patients, under the upper edge of the twelfth rib. 

A long strip of rubber tissue is laid upon the ribs and made to emerge 
at the lower end of the incision. ‘This drain for serum should be re- 
moved in 24 or 48 hours. The muscles and skin are closed in layers 
and a vaselined gauze dressing placed. 

The operation of resection of ten intercostal nerves may of course be 
conveniently divided into two or more stages if the patient’s condition 


should be unsatisfactory. 


TEMPORARY INTERCOSTAL NEURECTOMY 


In those exceptional cases in which a temporary intercostal-nerve 
paralysis of two or four or more months’ duration might be desired, the 
nerves should be thoroughly crushed for the width of a haemostat 
instead of being partially resected. Or it may possibly prove to be 
technically feasible to produce temporary paralysis by injecting the 
intercostal nerves with 95 per cent alcohol without making any incision. 
It is, however, unlikely from a technical standpoint that the tip of the 
needle could be made just to enter all ten nerves at such a depth. The 
perineural type of infiltration that is used for regional anaesthesia 
would not give sufficient paralysis. I have not attempted alcoholic in- 
traneural injection for phthisis, but in one case of intractable localized 
thoracic-wall pain I successfully injected the desired three intercostal 
nerves according to the technique about to be described. 

The patient is placed in the same position as for the open operation and 
the subcutaneous tissue, approximately 3 cm. anterior to the angles of 
the ribs, is inf.ltrated with 0.5 per cent procaine solution from the second 
to the twelfth ribs. Then with a 5-cc, Luer syringe and a 5-cm.-long 
No,-22-gauge needle, the lower portion of the external surface of each rib 
(from the second to the eleventh inclusive) is touched with the point of 
the needle, which is then made to slip just below the lower edge of that 
rib and about 0.5 cm. deeper, as well as obliquely a little upward, so that 
the point of the needle enters the nerve in the subcostal groove. The 
act of entering the nerve is signaled by the patient’s experiencing a sharp 
shooting pain in the region of the nerve’s distribution. A few drops cf 
the procaine solution are then injected, and the syringe carefully changed 
for one bearing 95 per cent alcohol of which 1 or 2 cc. are injected. By 
seeking the nerve anterior to the costal angle where the internal inter- 
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costal muscle is interposed between the nerve and the pleura, the pleura 
is better protected against the acute pleuritis that would follow the 
injection of alcohol into it or near to it. As alcoholic intraneural in- 
jection is uncertain and exposes the pleura of a tuberculous person to 
some danger, it is not yet recommended for general use. 


POSTOPERATIVE COURSE AND MANAGEMENT 


Although the complete operation of resecting ten nerves under local 
anaesthesia is a lengthy one, requiring in my experience not less than one 
hour and twenty-five minutes, there is no postoperative shock in patients 
who are even in “fair” general condition before operation. The blood- 
pressure and pulse during the operation in the four patients in which they 
were recorded were as follows: (1) At the beginning of operation, blood- 
pressure 120/70, pulse 96; at the end, 100/76 and 114; (2) at beginning, 
115/64 and 80 to 108; at end, 106/80 and 108; (3) at beginning, 96/78 
and 126; at end, 96/58 and 150; (4) at beginning, 122/58 and 126; at 
end, 110/70 and 114. 

In only one of the six patients was there a fall of blood-pressure or 
undue rise of pulse upon return to bed. This one patient (case,5) had a 
blood-pressure of 96/78 and a pulse of 126 at the beginning of the opera- 
tion; thirty minutes later they were 48/26 and 120; a hypodermic of 
ephedrin was given, and ten minutes later the blood-pressure was 72/52 
and the pulse 138; twenty minutes later the blood-pressure was 102/66 
and the pulse 124; and at the completion of the operation the blood- 
pressure was 96/55 and the pulse 150. At times during the operation 
the patient was slightly cyanotic. Shortly after operation his systolic 
pressure was 75 and his pulse 150 and weak, he was cyanotic, and his 
skin cold and clammy. By the morning following operation he reacted 
satisfactorily after having been given digifoline and 600 cc. of normal 
saline solution intravenously, and his blood-pressure was 96/73 and 
pulse 120... The patient was somewhat cyanotic but not dyspnoeic dur- 
ing the first five postoperative days. Cyanosis then disappeared until 
the day of death ten days after operation. Death was due to myocardial 
degeneration and failure and to the asthenia of a prolonged severe tuber- 
culous toxaemia. ‘This patient had been too weak to sit up in bed dur- 
ing the year preceding his operation. He was admitted to the hospital 
with a pulse of 136. 

The only other important complication directly connected with opera- 
tion occurred in a woman who came to operation in splendid condition 


660 JOHN ALEXANDER 


and whose tuberculosis is now apparently arrested. Forty minutes after 
the operation was begun she suddenly developed generalized epileptiform 
convulsions, which lasted approximately three minutes; she lost conscious- 
ness and the pulse dropped from 96 to 46, During the next few minutes 
the pulse rose to 58, 60, 96, 120; this may have been due wholly or in 
part to a hypodermic injection of 1/50 grain of atropine sulphate given 
a few moments after the convulsions began. ‘Thirty-five minutes after 
operation the pulse was 148 and slightly irregular, and a half-hour later 
120. The following day it ranged between 120 and 112, the patient’s 
mental condition was normal, and there was no evidence of paralysis. 

Pain during the first few days following intercostal neurectomy usually 
is moderate but not severe. If codeine or morphine be given for it, 
care must be taken not to give such large doses that the cough reflex 
is abolished, as this would invite stasis of secretions within the lungs and 
infection. 

Special postoperative management following multiple intercostal 
neurectomy is concerned chiefly with management of expectoration. 
Loss of the power to raise sputum, owing to loss of the full power suffi- 
ciently to constrict the operated side of the thoracic wall, is best counter- 
acted by having the patient lie most of the time upon the operated side. 
This also aids in reducing or eliminating the action of any accessory 
Inspiratory muscles that may function when the patient lies on his back 
or unoperated side. Such an elastic support for the operated hemithorax 
as is used after thoracoplasty is useful to aid expectoration and to allay 
accessory Inspiratory muscular function. It should be worn for some 
months as an important complement to the operation. 

The patient should be warned about burning or otherwise damaging 
the anaesthetic cutaneous area which is potentially subject to trophic 
complications. 


INDICATIONS AND CONTRAINDICATIONS 


As each patient presents an individual and complex problem, no rule- 
of-thumb can be given for the selection of patients for operation. 

Broadly considered, the indications for multiple intercostal neurectomy 
are similar to those for artificial pneumothorax, thoracoplasty and phreni- 
cectomy. The tuberculous disease should be predominantly unilateral 
and any lesions in the better Jung should not be actively progressive. 
Obviously productive lesions indicate a better prognosis than do exuda- 
tive lesions. 
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Intercostal neurectomy, as also thoracoplasty, should not ordinarily 
be used unless artificial pheumothorax, or phrenicectomy, or both to- 
gether, has been tried and failed of a satisfactory clinical result. Such 
failure arises in a considerable number of any large group of tuberculous 
patients. At the present time in the leading clinics of the world, thora- 
coplasty or, exceptionally, extrapleural pneumolysis must either be 
accepted by these patients or, without the additional aid they so urgently 
require, they are doomed to face continuance of the downward course of 
their disease. Fortunately, many of these patients are in sufficiently 
good general condition and present the other requisite indications for 
thoracoplasty. This operation, when properly performed, is an ideal 
one for those patients in whom no grave complications result from it, in 
that it brings about not only a great immobility of the diseased lung but 
active compression of its cavities. The fact must be faced, however, 
that thoracoplasty has a mortality of approximately 13 per cent from 
causes directly or indirectly connected with the operation. Chief among 
these causes are cardiocirculatory failure and activation or spread of the 
tuberculous disease in the lung of the operated or unoperated side. Both 
of these grave complications are principally due to the effects of the 
resection of ribs. There are and always will be many patients with large 
cavities or high-grade contraction of pulmonary and pleural fibrous tissue 
whose condition demands facing the risk of a thoracoplasty for the ex- 
pected remarkable benefits. There are other patients, however, who do 
not have very large cavities or high-grade contraction and in whom the 
course of the disease clearly indicates that some artificial aid, beyond 
phrenicectomy and what partial induced pneumothorax may have been 
obtained, is a necessity for the arrest of their disease. For this group 
intercostal neurectomy now seems, in view of the evidence presented in 
this paper, to be indicated because it is a far less risky operation than 
thoracoplasty and because it seems to offer an excellent chance for arrest 
of the disease. This in spite of the fact that these patients may properly 
be considered in sufficiently good general condition to withstand a two- 
or many-stage thoracoplasty. 

In exceptional cases with strictly limited lesions, neurectomy of fewer 
than the usual ten intercostal nerves may be performed. 

Parenthetically, consideration of any important advantage of neurec- 
tomy over thoracoplasty, because of the so called deformity following 
deoace ee should not be properly included in a basic discussion of 


the relative merits of the two operations. Ordinarily the deformity 
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following a properly executed thoracoplasty is so slight that the term is a 
misnomer unless intended in its literal and not its usual sense. 

There is a still larger group of patients affected by the relative merits 
of thoracoplasty and intercostal neurectomy than that group considered 
in the third paragraph above. These patients arc in great need of surgi- 
cal aid for a severely diseased lung, but thoracoplasty is definitely con- 
traindicated for them. The principal contraindications are (1) a too 
poor general or cardiocirculatory condition, or too great age to Justify 
even a many-stage thoracoplasty; and (2) an amount of tuberculous 
disease in the better lung that might be expected to advance or to spread 
as a result of the rather profound (though usually not prolonged) effect 
of thoracoplasty upon the mechanics of respiration and upon the patient’s 
general resistance. Without surgical aid these patients are almost cer- 
tain to die. For them thoracoplasty cannot be undertaken with reason- 
able safety. It is in this group that intercostal neurectomy has its 
greatest usefulness. As no ribs are divided, the principal dangers of 
thoracoplasty are avoided. In its immediate effect upon the patient, 
intercostal neurectomy may be considered a mild operation whereas, 
relatively, thoracoplasty is severe. 

Although it seems true that intercostal neurectomy extends the benetit 
of surgical therapy to a group of severely ill patients who are greatly in 
need of it, it is necessary to realize that the operation, even though per se 
it may be well tolerated, cannot reasonably be expected importantly to 
benefit patients who are in the terminal stages of tuberculosis, or who 
have, in the opposite lung or in other organs, extensive progressive lesions 
which are obviously beyond the reach of the operation. In cases + and 
5 which fall strictly within this category, I succumbed to the temptation 
to perform the operation because I was encouraged by the rather start- 
lingly good results in the first three cases; the results in these two cases 
were poor, as might have been expected. 

Contraindications other than those just mentioned include (1) a 
severely damaged myocardium and a failing cardiocirculatory system; 
(2) dyspnoea which is not due merely to traction upon the mediastinum 
or to pain from tugging upon pleural adhesions by respiratory movements, 
and which is of such a degree as might be seriously increased by phrenicec- 
tomy and multiple intercostal neurectomy; (3) great amounts of sputum, 
that is, perhaps 100 cc. or more per diem, that the patient might be 
unable to raise because of impairment by the operation of the power to 
expectorate. Large cavities which are not the source of great amounts 
of sputum should not necessarily contraindicate intercostal neurectomy. 
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In certain human tuberculosis cases the operation cannot be expected 


to do more than to bring the patient to sufficiently good condition to 


iG. 9. Case 6, seven months after left phrenicectomy and two weeks after left multiple 
intercostal neurectomy. ‘Two exposures on same film, one taken at end of a moderately deep 
forced inspiration, the other at end of a moderately forced expiration. Separation of clavicu 
lar images indicates extent of forced respiration. The greater separation of images of identical 
ribs on right side as compared with the lesser separation on left side shows how much less 
movement there is of costal wall of operated side even when patient uses accessory respiratory 


muscles. Compare with figures 3 and 10. 


Warrant performance of a thoracoplasty which in such cases usually 
would be indicated for the closure of large cavities. 
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Results in the first three of my patients (and so far, in the last, 
although this one has been operated on too recently to justify any sound 
conclusion as to the result) exceeded expectations, particularly with 
respect to closure of cavities. As postoperative contraction of the oper- 


Fic. 10. Case 6, seven months after left phrenicectomy and two weeks after left multiple 
intercostal neurectomy. Two exposures on same film, one taken at end of an extreme inspira- 
tory effort, the other at end of an extreme expiratory effort. The wide separation of the 
clavicular images indicates the extent of the respiratory excursion. Separation of the double 
costal images on the operated side is greater than that on the unoperated side. Explanation 
of this paradoxical phenomenon (compare figures 3 and 9) may be that the utmost power of 
the accessory muscles of inspiration is capable of raising higher the ribs of the side whose 
paralyzed intercostal and abdominal and other muscles have lost their tonus than the ribs 
of the unoperated side. 


4 > 
/ 
™ 
{ 
iF 


MULTIPLE INTERCOSTAL NEURECTOMY 665 


ited hemithorax is only moderate and never so much as after a thoraco- 
plasty of the usual extent, I am at a loss to explain the closure of such 
arge cavities as had cases 1 and 2 except upon the basis of an extraordi- 
‘ary increase of intrathoracic fibrosis, of which there was evidence in the 
oentgenographs. Incidentally, this fibrosis does not occur after the 
operation in uninfected dogs. 

It must be recognized that my cases are too few in number to establish 
is a certainty a causal relationship between the operation, the unusual 
legree of fibrosis, and the surprising clinical improvement that were 
observed in some of the cases. If, however, subsequent experience with 
the operation does justify acceptance of such a causal relationship, 
it would seem that the great pulmonary rest that follows reduction in 
the respiratory mobility of the diaphragmatic and costal walls should be 
given chief credit for the favorable results,—or at least the pulmonary 
rest that has been attained by an operation that in itself disturbs the 
patient so little should be given the credit. 

Intercostal neurectomy chiefly paralyzes the muscles used in quiet 
respiration (figure 3) but it leaves unparalyzed a sufficient number of 
accessory respiratory muscles to carry on extensive respiratory move- 
ment on the operated side (figures 9 and 10) in case of subsequent need, 
such as might be occasioned by new tuberculous or other disease in the 
opposite lung. This advantageous potential function has the disadvan- 
tage that the lung of the opposite side is less thoroughly rested than if 
respiratory immobility were absolute. The converse advantage and 
disadvantage hold for thoracoplasty which more or less completely 
immobilizes respiratory function on the operated side during both quiet 
and deep respiration. 


CASE REPORTS 


Case 1: L. W., a woman of 56 who appeared to be 60 or 65, was referred, April 
8, 1927, by Dr. Geo. A. Sherman, with a diagnosis of pulmonary tuberculosis, 
more exudative than productive in type, involving the three lobes of the right 
lung and the left apex. The patient’s chief complaints were excessive cough and 
irom 100 to 150 cc. of heavy, tubercle-bacilli-laden sputum a day, weakness, 
ioss of 31 pounds, night-sweats, fever and hoarseness, all of which had been 
present for eighteen months. Before this she had had a long series of attacks 
f bronchitis. Tuberculosis had been diagnosed twelve months before ad- 
nission. In spite of increasing weakness she continued to work as a house- 
‘eeper and washerwoman because of necessity. She has palpitation on exer- 
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cise and dyspnoea when lying down. Recently there has been vertigo on 
arising. 

Her previous medical history includes eczema at 10 and 42; measles at 23: 
mumps, and typhoid fever at 17 complicated by osteomyelitis of the left 
humerus which persisted for years; erysipelas and otitis media at 44; frequent 
attacks of tonsillitis; all of her teeth were diseased and were removed one year 
ago; she has only an upper plate; haemorrhoidectomy ten years ago. 

Her family history is not relevant to the case. . 

Physical examination revealed an aged, sallow woman with a thick cough 
who insisted upon half sitting in bed. Her temperature the day of admission 
ranged between 99.2° and 100.2°, her pulse 100 and 110, respirations 20 and 22, 
weight 124, blood-pressure 120/80, urine normal, haemoglobin 60 per cent, 
red blood cells 5,190,000, and leucocytes 10,300. Sputum for twenty-four 
hours varied between 15 and 150 cc. and contained many tubercle bacilli. 
The right lung gave physical and roentgen-ray signs of extensive tuberculous 
infiltration throughout. A 4-cm.-long cavity occupied the right infraclavicu- 
lar region (figure 11). The heart and trachea were drawn somewhat to the 
right. There were fine crackling rales in the left suprascapular and interscapu- 
lar regions and throughout the right lung. The heart was normal with the 
second pulmonary sound louder than the aortic. A roentgen-ray examination 
by the Brown-Sampson technique was negative for ileocaecal tuberculosis. 
There were thickening of the radial arteries, no clubbing of the fingers, and 
irregular left humerus with healed soft-tissue scar from old osteomyelitis. 

There was infiltration opposite the arytenoid cartilages and the laryngeal 
mucosa was inflamed. A small ulcer was seen on the left anterior faucial 
pillar. The tonsils were atrophied. 

On October 27, 1927, a right radical phrenicectomy was performed under 
local anaesthesia. During the week before this operation, the patient’s tem- 
perature ranged between 99° and 99.2°, the pulse between 70 and 100, and the 
sputum between 15 and 180 cc. and contained many tubercle bacilli. During 
her seven weeks’ stay in the hospital up to this time she had gained only 2} 
Ibs. A month after the phrenicectomy her daily temperature was 98.4° to 
99°; pulse 80 to 90, and she had gained an additional 5 Ibs. but her sputum 
varied between 60 and 150 cc. daily. 

On November 18, 1927, a right-sided pneumothorax could not be induced. 

On November 26, 1927, roentgen films showed some advance in the right- 
sided lesions since admission. 

On November 29, 1927, the second to the ninth intercostal nerves, inclusive, 
were partially resected under local anaesthesia. At the beginning of the 
operation the patient’s blood-pressure was 120/70 and her pulse 96. At the 
end they were respectively 100/76 and 114. 

The weight at the onset of her tuberculosis in February, 1926, was 156 lbs. ; 
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October 20, 1927, a week before phrenicectomy, 126; just before the inter- 
costal neurectomy, 131; two months later, 136; another two months later, 148; 
on discharge from the hospital, June 15, 1928, 158; and on March 1, 1929, 164. 


4-49-23 


Fic. 11. Case 1 before operation. Extensive productive and exudative tuberculous infil- 
tration throughout right lung with 4-cm.-long infraclavicular cavity which has been outlined 
vith ink because it is distinct only with stereoscopic vision. Tuberculous infiltration above 
left clavicle. Heart and trachea drawn to right. Aortic arch is prominent. See figure 12. 


During the week before the phrenicectomy her maximum temperature was 
9° to 99.2°, pulse 70 to 100, and respirations 20; during the week before the 
ntercostal neurectomy 98° to 99°, 80 to 90, and 20 to 24 respectively; from 
Vovember 30 to December 3, 99° to 101.2°, 100 to 90, and 25 to 30; during 
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January, 1928, 98.8°, 90, and 20; during March, 98.6° (on one occasion 99°), 
84 and 22; in May, 98° to 99.2°, 80 to 90, and 20 to 30; and during June, 97° to 
99° (one day 99.4° and 99.6°), 80 to 94, and 20. 

The sputum record follows: On admission, September 8, 1927, 100-150 cc. 
a day, always containing tubercle bacilli; October 13, 60 cc., and many tubercle 
bacilli; and October 15 to 21, 15 to 180 cc. On October 27, phrenicectomy. 
During November, sputum 150-90 cc. On November 29, intercostal neurec- 
tomy. From December 1 to 15, sputum 50-90-30 cc., and from December 16 
to 30, 18-10 cc. During January, 1928, sputum 20-30 cc. and few tubercle 
bacilli; in February, 30-18 cc. In March, the sputum was 20-10 cc., without 
tubercle bacilli, and bacilli have never been found since; in April and May, 
18-30 cc. (on one occasion 60 cc.), and from May 25 to discharge on June 15, 
0-5 cc. On March 1, 1929, the patient reports by letter that she raises a little 
mucopurulent sputum two or three times each morning. 

On December 15, 1927, her general condition was very satisfactory. The 
wound was healed. There were a few crepitant rales in the left interscapular 
region. The patient could not raise her arm sideways more than 135° because 
of pain in her shoulder; there was slight drooping of the shoulder. On March 
2, 1928, rales were present in the right lung as on admission; there was none 
in the left. On April 17 fluoroscopic and roentgenographic examinations 
(figure 12) showed that there was questionable reduction in movement of the 
right upper thoracic wall, but definite decrease of the movement of the lower 
right thoracic wall. The diaphragm and lower half of the right lung were 
obscured by pleural or intrapulmonary fibrosis. There was markedly increased 
density of the upper right lung with a little thickening of the pleura and no 
evidence whatever of the cavity. The trachea was pulled to the right. The 
right-sided lesions were predominantly productive in type, whereas they had 
been predominantly exudative on admission. Above the left clavicle there were 
a few hard tuberculous lesions. On April 18 tonsillectomy was performed. 
The pathologist reported: ‘“Throughout both tonsils there are scattered miliary 
tubercles.”” On June 13 the right lung had slight dulness throughout the front 
and side with considerable dulness throughout the back; above the clavicle 
and the spine of the scapula there were bronchial breathing and increased 
spoken and whispered voice-sounds. Throughout the right lung, except at 
the right base, there were many crepitant and bubbling rales through inspira- 
tion; these were most numerous posteriorly and at the level of the third rib 
anteriorly. Over the whole left lung there were signs of emphysema but no 
rales. The pulmonary second sound was louder than the aortic second. On 
June 15 the patient was discharged to continue sanatorium regimen at the 
Michigan State Sanatorium. On March 1, 1929, she wrote that she weighed 
164 lbs., and had no fever or pain. She had no dyspnoea when walking on the 
level unless while walking fast, but had to stop for a moment three times in 
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,ounting one flight of stairs. Before admission, she had had dyspnoea only 
1 climbing stairs but did not need to stop. She further writes that she has 
ad only one mild ‘‘cold.”’ She stays in bed from 7 p.m. to 7 a.m. and lies 


Fic. 12. Case 1 six and a half months after right phrenicectomy and five and one-half 
months after left intercostal neurectomy. Tuberculous lesions of both sides have become 
ntirely of productive type. Cavity has completely disappeared. Pleural or intrapulmonary 
ibrosis obscures right lower pulmonary field. Aortic arch is prominent. See figure 11. 


lown one hour during the day. She helps with the housework. She coughs 
ind raises a small amount of mucoid sputum two or three times each morning, 
ind finds it easier to raise it. She considers herself well and has not consulted 
\ physician since her discharge from the Sanatorium. 


on 
ig 
poe 
4-14-29 
Ni 


670 JOHN ALEXANDER 


Case 2: M. B., a woman of 28, a trained nurse, single, was referred on Novem- 
ber 9, 1927, by Dr. W. B. Huntley of the Michigan State Sanatorium, with 2 
diagnosis of chronic pulmonary tuberculosis largely confined to the left lung. 

Her health was good until she contracted what was said to be pneumoni: 
in 1923, She coughed for a year after this and in March, 1925, develope 
pleurisy on the left side. She lost 25 pounds and went to bed in April. O: 
June 4, 1925, she was admitted to the Michigan State Sanatorium, wher: 
roentgen-ray and physical examination showed a clear right lung but pleura’ 
and parenchymatous infiltration from the third to the fifth ribs anteriorly on 
the left side and a thin-walled cavity in the first interspace. She was put to 
bed and during the next year gained 25 lbs. so that she weighed 108 lbs. on 
July 29, 1926. Several months after admission she had another attack of 
pleurisy and was then kept in bed for one year, during which time a 30 pe: 
cent artificial-pneumothorax was maintained. This was not clinically suc- 
cessful as the cavernous portion of her lung was held open by many adhesions. 
On July 1, 1926, the roentgenograph showed a spread of exudative lesions in 
the left lung and a number of cavities between the left clavicle and third rib; 
the maximum diameter of the largest of these was 3.6 cm. and of the next 
largest 2.9 cm. In addition there were several smaller ones. In August of 
that year she was given a few out-of-bed privileges. 

The patient’s family history was negative with regard to tuberculosis. Her 
previous medical history was without direct importance except that her menses 
had been irregular, painful, and sometimes prolonged. Physical examination 
revealed a well-nourished young woman who apparently was not severely ill. 
Her weight was 134 Ibs. and temperature, pulse and respirations were normal. 
Haemoglobin was 79 per cent, leucocytes 7,600, urine negative, and sputum 20 
cc. and negative for tubercle bacilli. The thorax appeared to be symmetrical, 
but expansion was somewhat limited on the left. The left upper lung was dull 
anteriorly and posteriorly, and in this region there were patches of bronchial 
breathing and vocal fremitus was increased. There were numerous moist 
‘rales throughout the left lung anteriorly and posteriorly. Examination of the 
‘right lung revealed no abnormalities. Fluoroscopy and roentgenography the 
day following admission showed a clear right Jung and a generalized pleural 
thickening over the left with the left diaphragm partially obscured. The heart 
was drawn to the left. There was diffuse tuberculous infiltration of the upper 
left lung and between the third rib and the apex were three large cavities, the 
greatest of whose diameters was 5.3 cm. The tuberculous lesions as seen at 
this examination were definitely more productive in type than those seen on 
July 1, 1926. The general physical examination was negative except as noted. 

On November 10, 1927, a radical phrenicectomy was performed under local 
anaesthesia, and the patient was returned to her sanatorium five days later. 
On January 29, 1928, she was readmitted for the purpose of having further 
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s irgical treatment as she was considered to be decidedly ‘damaged goods,” 
as her physician expressed it, with poor ultimate prognosis. Since the phreni- 
cectomy, however, there had been improvement as to coughing and a slight 
cecrease from the 30-cc. daily amount of sputum. She was feeling well, her 

eight was stationary, and she was receiving weekly pneumothorax refills. 

n examination there was slight diminution in expansion of the left side, with 

ilness of the left upper lung, and numerous rales throughout the upper two- 

uirds of the left lung anteriorly and of the upper third posteriorly, and there 

ere definite signs of cavitation here. The right lung was negative. A 

entgenograph showed a 2.5-cm. rise of the left diaphragm and some decrease 
ji the size of the cavities. 

In spite of the very extensive left-sided lesions which included large cavities, 
I felt that her general condition was so excellent that the risk of even a staged 
thoracoplasty was not justifiable. However, the patient’s history clearly 
indicated that some aid, in addition to the treatment that she had been having 
for more than two years, was necessary to bring about arrest of her disease. 
lt was hoped that a multiple intercostal neurectomy would furnish this neces- 
sary aid. Therefore on February 2, 1928, 2-cm. lengths of the second to tenth 
intercostal nerves, inclusive, were resected under local anaesthesia. Forty 
minutes after the beginning of the operation the patient suddenly developed 
epileptiform convulsions, which persisted for about three minutes, and she 
became unconscious, with irregular respirations and a pulse of poor quality. 
The pulse-rate at two- or three-minute intervals was as follows: 96, 48, 58, 
60, 96, 120. One-fiftieth of a grain of atrophine sulphate was given by hypo- 
dermic a few minutes after the convulsions began. As her condition, although 
not good, was not considered to be dangerous, the operation was proceeded 
with and finished. The patient’s condition improved and she recovered well 
from the operation, but thirty-five minutes afterward her pulse was 148 and 
one hour after operation, 120. It was of fair quality but irregular. Her mind 
was dulled and she remained confused until the following day, when she seemed 
to be entirely normal mentally and her pulse ranged between 120 and 112. 
There were no signs of muscular paralysis at any time, and it is not believed 
that this operative complication was due to an air embolus. It seems more 
likely that it was a so called pleural reflex which was instigated by the manipu- 
lations of the intercostal nerves or possibly of the subpleural tissue before induc- 
tion of complete anaesthesia. Hypersusceptibility to the usual amount of 
novocaine must also be considered. On March 16, 1928, there was abso- 
lutely no cough or sputum. 

Sixteen months (July 29, 1926) before her phrenicectomy the patient’s 
temperature was 99°, pulse 68-102 and weight 108 lbs., and she was confined to 
Led. Just before phrenicectomy the temperature was 98.6°, pulse 70-80, and 
weight 134. Just before her intercostal neurectomy, which was three months 
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after her phrenicectomy, the temperature was 97.6°-99°, and pulse 96--92. 
During the first postoperative week the maximum temperature ranged 99°- 
100.6°, pulse 110-142, and weight was 130. On February 19 the patient was 
given full bath-room privileges; her temperature was 98.6° and pulse 80. On 
March 5 she was allowed ten minutes’ walking a day, and on March 9 the 
temperature was 98.8°, pulse 72-88, and weight 130. During March 9-11 
she complained of having a “‘cold’’ when the maximum temperature was 99,2° 
and pulse 94. On discharge from the University Hospital on March 12, 
when she returned to continue rest treatment at the Michigan State Sanato- 
rium, the temperature was 98.4° and pulse 86. The respiratory rate was always 
within normal limits. On September 17, 1928, weight was reported as 131; 
on October 9 the temperature was 99°, pulse 64-82, and weight 130; and on 
March 1, 1929, weight was 125, the patient being less flabby than before, owing 
to greatly increased physical activity. 
The sputum record follows: 


Sixteen months before the phrenicectomy (July 29, 1926), 100 cc. in 24 hours, Gaffky II. 

However, after August, 1926, no more tubercle bacilli were found. Just before the phrenicec- 

tomy the patient’s sputum measured as much as 30 cc. in 24 hours. It decreased slightly 

after this operation and on February 14, twelve days after intercostal neurectomy, was 35 cc. 

February 24, 45 cc. March 16, 10 cc. 

February 27, 30 cc. May 21-23, three negative sputum exami- 
nations. 

February 29, 20 cc. September 7, 8 cc., mucoid, negative for 
tubercle bacilli. 

March 4, 10 cc. October 9, 12 cc. 

March 8, 20 cc. December 30, 4 cc. 

March 11, 10 cc. March 1, 1929, 2 cc. 

March 14, 15 cc. June 21, none. 


On June 20, 1928, physical examination showed, on the left side, dulness 
above the fourth rib anteriorly and sixth thoracic spine posteriorly, and al- 
most flatness below the sixth thoracic spine. Breath-sounds were decreased 
above the fourth rib anteriorly, and were very distant throughout the back 
and below the middle of the axilla. There were many moist rales throughout 
the left side. Examination of the right lung was essentially negative. A 
roentgenograph showed that the cavities had become very much smaller since 
the intercostal neurectomy. The patient is walking ten minutes a day and 
has much less pain in the left chest than before operation. 

On September 17 she coughed only on rising in the morning and walked 
eighty minutes a day without fatigue. Examination at this time revealed 
nothing importantly different from findings given under June 20, 1928. On 
March 1, 1929, a roentgenograph showed a clear right lung, and on the lef! 
side disappearance of all cavities and increase in the pleural and parenchyma 
tous fibrosis. The heart, but not the trachea, was greatly pulled to the left 
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and the diaphragm had risen 1.6 cm. since phrenicectomy. The patient had 
no fever and only slight pain. There was dyspnoea when she hurried on the 
level. There were signs of emphysema on the right but no rales. On the left, 
breath-sounds were almost entirely absent. There were showers of crepitant 
rales in the midaxilla, and fine rales over whole lung anteriorly and posteriorly. 
It was neither more nor less difficult to raise sputum than before operation and 
the patient considered herself well. She walked two and a half hours a day 
and spent two hours at occupational-therapy work. 

On June 21, 1929, she had unlimited exercise and spent three hours in the 
sanatorium laboratory. She had no fatigue and no symptoms of tubercu- 
losis, and considered herself well. 

With respect to the movements of this patient’s thorax, eight days after 
intercostal neurectomy they were very much decreased on the operated side 
and the difference was much greater on quiet breathing as compared with 
deep breathing. Under the fluoroscope it was estimated that the upper half 
of the left thorax moved 50 per cent less than the right, that the lower half 
moved 75 per cent less, and that the ribs overlying the abdomen and costo- 
phrenic sinus moved 90 per cent less. The left diaphragm was 3 cm. higher 
than the right and had paradoxically directed movement. All the right ribs 
moved freely. Four months after operation the same findings were noted, 
and seven months after operation there was almost no respiratory motion of 
the left side during quiet respiration, but there was less difference between the 
two sides. ‘These observations were made upon both the motion of the ribs 
and of the broncho-vascular markings. Two months later exactly the same 
condition was found. 


Case 3: E. M., a Scandinavian school-boy of 17, was referred on August 22, 
1928, by Dr. W. B. Huntley of the Michigan State Sanatorium, with chief 
complaints of pulmonary tuberculosis, loss of weight, cough, expectoration 
and weakness. Three and a half years before admission his whole family had 
been examined for tuberculosis, as his father had died from it, and the patient 
was then first diagnosed as tuberculous. He had been at the Michigan State 
Sanatorium for three years, almost all of which he had spent in bed. One year 
ago he was given one-hour of walking twice a day. He then became worse, 
had fever, and was not allowed to do more than go to meals. A pneumothorax 
was attempted and failed in May, 1928. Four months before admission to 
the University Hospital roentgen-rays showed scattered, fairly soft infiltration 
throughout the left lung with what seemed to be a 4-cm.-long apical cavity, 
and in the right lung soft infiltration in the upper half. 

On admission the patient was averaging 30-40 cc. of sputum a day without 
excessive coughing and he had neither night-sweats nor dyspnoea. His pre- 
vious medical history revealed only that he had had tonsillitis twice and that 
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four years ago he spent several months in bed with vague abdominal pains 
associated with a gastrointestinal upset. 

The patient’s father died from pulmonary tuberculosis four years ago and 
an uncle seven years ago, and a brother also died from tuberculosis. An older 
brother now has tuberculosis and one sister died following a tonsillectomy. 
She was said to have had tuberculosis. The mother is living and well. The 
patient has not been able to attend school for three years. 

The patient, a thin, pale young man, was admitted in a wheel-chair. His 
urine was negative, haemoglobin 92 per cent, red blood cells 5,720,000, 
leucocytes 8,300, polymorphonuclears 86 per cent, small lymphocytes 9 per 
cent, mononuclears 4 per cent, and basophiles 1 per cent. There were several 
cavities in his teeth, his tonsils were large and hypertrophic, his larynx was 
negative. His thorax was symmetrical. Expansion was equal on two sides. 
The upper third of the left lung was dull anteriorly and the whole lung some- 
what dull posteriorly. Physical signs high in the left axilla suggested a cavity. 
There were crepitant rales all over the left lung and bubbling rales above the 
middle of the scapula. The roentgen-rays showed extensive fibrocaseous in- 
filtration of the whole left lung with several small cavities in the left apex, 
thickened pleura over the whole left lung, and movement of left diaphragm 
decreased. On the right side there was dulness above the second rib ante- 
riorly and the sixth thoracic spine posteriorly. The voice- and breath-sounds 
were normal, and there were inconstant rales above and below the right clavicle 
and some marginal rales from the middle of the axilla forward. The roentgen- 
rays showed scattered infiltration from the apex to the third rib on the right 
and exaggerated broncho-vascular-tree markings of the lower right lung. 

The patient was considered a poor risk for thoracoplasty and a combination 
of phrenicectomy and multiple intercostal neurectomy was decided upon. 
Therefore, on August 24, 1928, 25 cm. of the left phrenic nerve were evulsed 
and on September 1, 1928, the posterior portions of the second to eleventh 
left intercostal nerves, inclusive, were resected and the serratus posticus 
superior muscle was also resected. At the beginning of the operation the 
patient’s blood pressure was 115/64, pulse 80-108 and respirations 20-24. 
At the conclusion of the operation they were 106/80, 108, 24, respectively, and 
the patient was in good condition. 

During the patient’s two days in the hospital before the phrenicectomy was 
performed his maximum temperature was 99.4°, pulse 80, respirations 20, and 
weight 96. He stated, however, that during the previous six months his 
temperature had been practically normal. His best weight, six months before 
admission, had been 102. The maximum temperature during the week follow- 
ing phrenicectomy was 99°-100°, pulse 70-90, and respirations 22-25. During 
the three weeks following intercostal neurectomy on September 1, 1928, the 
temperature was 98°-100.4°, pulse 90-120, respirations 20-25, and weight 89. 
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One month after operation they were 98°-99.8°, 80-118, 22-30, and 90 3/4. 
During the ten days before discharge, about two months after operation, they 
were 98°-98.6° (once 99°, once 99.2°), 80-100, 20-24, and 911/4. On Novem- 
ber 17, 1928, the patient weighed 97 1/4 and on January 25, 1929, he began 
walking one-half hour a day. On March 1 he weighed 102, had had no fever 
during the previous month and his pulse ranged 60-84 and his respirations 
16-20. 

His sputum record follows: Before admission, 40 cc. daily. On October 1, 
1928, one month after phrenicectomy and intercostal neurectomy, 30 cc. 
October 9, 1928, 10 cc., in which seven tubercle bacilli were found in seven 
minutes. On November 30, 1928, 10 cc., Gaffky IX; on January 13, 1929, 15 
cc., Gaffky III; and on February 12, March 1 and June 1, the patient reported 
that he had no sputum. 

On October 27, 1928, the patient was returned to the Michigan State Sana- 
torium with tubercle bacilli in his sputum. His appetite had been poor for 
several weeks. Ultraviolet irradiation had been used for only one week. On 
November 30, 1928, Dr. Huntley reported that his appetite was much improved 
and that he had gained five pounds since October 27. 

On February 25, 1929, roentgen-rays showed marked clearing of all the 
lesions with definite indications of transformation of the exudative type, that 
existed before the operation, to the productive type. The cavities were en- 
tirely absent. There was a moderate rise of the diaphragm. On March 1, 
1929, the patient had no fever, he had been walking one-half hour each day 
since February 1, he weighed 102 1/4, and he had no sputum and very little 
cough. 

Observations upon the respiratory movements of this patient follow: The 
day before the phrenicectomy the thorax was symmetrical and expansion 
equal on the two sides. The movement of the left diaphragm was somewhat 
decreased. Three weeks after phrenicectomy and two weeks after intercostal 
neurectomy there was great immobility of the left thorax, particularly of its 
lower two-thirds. The diaphragm had risen slightly since phrenicectomy. 
Measurements of the circumference of each side of the chest at the angle of 
Louis at extreme inspiration and at extreme expiration showed a difference of 
5/8 inch on the right but only 1/8 inch on the left or operated side. At the 
base of the xiphoid these measurements were 7/8 inch on the right and 1/8 
inch on the left. 

Further observations of thoracic-wall movements were made on September 
26, October 5 and November 30, 1928, and all showed almost complete immo- 
bility of the left thoracic wall during quiet respiration and but slight mobility 
during forced respiration. 
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Case 4: M. McG., an Irish school-teacher and book-printer of 27, was admitted 
to the University Hospital on June 22, 1928, having been referred by Dr. W. 
B. Huntley of the Michigan State Sanatorium with a diagnosis of bilateral 
pulmonary tuberculosis, far advanced on the left side. His chief complaints 
were weakness, fever, night-sweats, pleurisy, loss of appetite and headaches. 

In 1915 he had had pneumonia, and in 1917 and at several later times in- 
fluenza. In April, 1927, he was confined to bed for several months because of 
night-sweats, fatigue, loss of weight, slight fever, and a hacking cough with 
some nonbloody sputum and pain in the left lower chest anteriorly He was 
then diagnosed as tuberculous. He did not improve, and on July 31, 1927, 
had a 15-cc. haemoptysis. At this time anorexia was pronounced, and he 
suffered from fever, weakness and night-sweats. 

On February 13, 1928, he was admitted to the Michigan State Sanatorium, 
having lost 50 lbs. Artificial pneumothorax was undertaken and continued 
for three months without improvement. He continued to lose weight and 
had from 30 to 60 cc. of sputum a day. Since admission to the Sanatorium 
he had been confined strictly to bed. In June, 1928, his temperature was 
reported as 100.2° and pulse 88. 

His family history has no bearing on his case. 

Physical examination showed a very sick, emaciated man with marked 
pallor. His blood pressure was 90/60. His breath was foul, and he showed 
moderate watch-crystal nails. His left thorax was nearly immobile, and there 
were many rales anteriorly and posteriorly, while breath-sounds were every- 
where decreased. There were moist rales above the third rib anteriorly on 
the right but none posteriorly. Roentgen-rays showed that the heart and 
trachea were pulled well to the left and that throughout the left side there were 
exudative lesions with multiple cavities in the upper lung. There were some 
parenchymatous deposits in the upper half of the right lung which were defi- 
nitely of the exudative type in the second and third intercostal spaces antero- 
laterally. On June 22, 1928, left radical phrenicectomy was performed. 

On June 29, 1928, the second to eleventh left intercostal nerves were resected. 
The record does not show this patient’s blood-pressure or the pulse-rate at 
beginning of operation but at the end of operation the pulse was 120 and respira- 
tions 30. Before operation the pulse ranged between 82 and 118. Six weeks 
before phrenicectomy his weight was 115 lbs. Once he had weighed 160 and 
considered his average to be 130. 

Just before phrenicectomy, on June 22, 1928, the temperature was 100.2°, 
pulse 115, respirations 26, and weight 1011/2. During the week after phreni- 
cectomy the temperature was unchanged, the maximum pulse ranged between 
90 and 100, and respirations were 26. During the week after intercostal 
neurectomy on June 29, 1928, the temperature was 98.6°-100.2°, pulse 90-110, 
and respirations 20-30. From July 6 to 26 they were, respectively, 98.4°- 
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99.4° (once 100°, once 101°), 86-110 (once 120), and 20-25 (three times 30); on 
July 27, 103.4°, 120, and 28; from August 3 to 11, 98.6°-100°, 90-112, 25, and 
weight 105; from August 19 to November 1, 98°-99.2°-100°, 86-100-112, and 
20-28; from November 3 to 10, 103°-101°, 120-96, 25, and weight 102 3/4; 
from January 14 to 22, 1929, 98°-99.4°, 86-110, and 24-26. On January 30 
the patient had a 60-cc. haemoptysis. From February 5 to March 6, the 
temperature was 98°-100.8°-101°, pulse 80-100—120, and respirations 20-37. 

Before phrenicectomy the amount of sputum was 30-40 cc. and it contained 
tubercle bacilli. During August 12 to 16, six weeks after intercostal neurec- 
tomy, the sputum ranged between 30, 60, 90 and 120 cc. and contained tubercle 
bacilli. From January 14 to 22, it varied between 180 and 210 cc. On 
January 30, the patient had a 60-cc. haemoptysis. From February 5 to March 
6, the sputum amounted to 120-180 cc. 

On July 2, 1928, there was almost total immobility of the left side on quiet 
and deep respiration except for very slight normally directed movement above 
the spine of the scapula. The entire left thorax was markedly depressed. 
Breath-sounds anterolaterally on the left were almost wholly absent except 
that under the anterior axillary fold there was feeble harsh inspiration. On 
the right side there were a few crepitant rales in the first and second inter- 
spaces anteriorly and in the axilla, but none posteriorly. On July 15, the 
patient’s general condition and mental outlook improved. On August 2 early 
laryngeal tuberculosis was diagnosed. Haemoglobin was 85 per cent, red 
blood cells 4,000,000, and leucocytes 7,400. The urine on this and two subse- 
quent examinations was negative. Roentgen-ray examination showed exuda- 
tive lesions of the upper half of the right lung and of the lower left lung which 
contained cavities. There was no evidence of increasing fibrosis; the heart 
and trachea were displaced to the left as they had been before operation. The 
left diaphragm was 1 cm. higher than the right and moved paradoxically. As 
compared with the roentgen films of June 28 there was increasing cavitation 
in the left lung but no appreciable change in the right lung. On August 8 the 
left thoracic wall and diaphragm were practically immobile. The patient’s 
condition was such as to present a very unfavorable prognosis. However, 
since operation there had been slight general improvement, better appetite 
and less fever. By October 16, right abdominal pain had increased, and there 
was tenderness in the right lower quadrant and much belching; probable tuber- 
culous enteritis was diagnosed. Rdales were more extensive on the right side 
at this examination than previously. 

On October 23 laryngeal examination showed definite tuberculous laryngitis 
and the patient began strict silence; the symptoms then were laryngeal pain, 
hoarseness, dysphagia and nausea. On November 8, a friction rub and pain 
manifested themselves just below the right nipple. On February 26, 1929, 
roentgen examination showed increase in size of cavities and parenchymatous 
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shadows of the left lung and increasing narrowness of the left intercostal 
spaces and increase of obliquity of the left ribs. Pleural fluid or dense par- 
enchymatous infiltration almost obscured the pulmonary markings of the lower 
two-thirds of this lung. There was a diffused spread of exudative lesions 
throughout the upper two-thirds of the right lung. 

On March 4, 1929, rales were heard to the fifth right rib anteriorly and to 
the eighth thoracic spine posteriorly. On March 6, as the patient was gradu- 
ally becoming worse, he was allowed to return home to die at the request of 
his family. 

With respect to the movements of this patient’s thorax, it was found upon 
many inspections and fluoroscopic examinations that the entire left thorax was 
practically immobile after multiple intercostal neurectomy. Before opera- 
tion, however, there was moderate restriction of respiratory movement on the 
left. One month after operation there was no measurable movement of the 
left thorax at the xiphoid level, and at the level of the angle of Louis there was 
only one-eighth of an inch difference between full inspiration and full expira- 
tion. On the right side there was a difference of one inch at the xiphoid level 
and 1 1/8 inches at the angle-of-Louis level. 


Case 5: D. S., a salesman of 26, was admitted to the University Hospital on 
July 10, 1929, having been referred by Dr. W. B. Huntley of the Michigan 
State Sanatorium with a diagnosis of bilateral pulmonary tuberculosis, far 
advanced on the right side, with cavitation and probable laryngeal tubercu- 
losis. His chief complaints were great weakness, fever, cough, profuse expec- 
toration, pain in the chest, nervousness, insomnia, tachycardia, and continued 
loss of weight during one year. 

Tuberculosis was diagnosed five years ago after a sudden haemoptoic onset. 
Until shortly before admission to the University Hospital he was under treat- 
ment in Texas and Colorado. Three years ago a cavity was found in the right 
upper lung. There have been fever and night-sweats during the past three 
years, and he has been a strict bed patient during the past year and a half. 
Five years ago artificial pneumothorax was begun and maintained for five 
months, when the patient stopped it for no good reason. There were large 
haemoptyses five years ago and a number of smaller ones since, the last about 
a year ago. Before phrenicectomy six months ago there were two or three 
boxfuls of sputum a day, and, since then, one box. 

The patient’s previous medical history contained nothing of importance to 
the case except pneumonia at five years of age. One sister and a paternal 
grandmother died of tuberculosis. His father, mother and one brother are 
living and well. 

Physical examination showed a pale, emaciated, coughing young man who 
was not able to sit up in bed. The blood-pressure 107/74 and pulse 120. 
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Urine examination was negative, and phenolsulphonephthalein output 35 
per cent in the first hour and 15 per cent in second hour. Haemoglobin was 
90 per cent, red blood cells 5,160,000, and leucocytes 7,200. 

The tonsils were enlarged and cryptic with caseous plugs. There were some 
infiltration and oedema of the posterior commissure of the larynx, but no 
ulceration. The submaxillary lymph nodes were enlarged. The heart was 
somewhat pulled to the right. The entire right lung was somewhat dull to 
percussion and there were crackling rales throughout the right lung anteriorly 
and posteriorly. The left lung was hyperresonant throughout except for 
dulness above the second rib anteriorly. There were posttussive rales through- 
out the left axilla and around the inferior angle of the scapula, and also at the 
left apex. The patient had an incomplete right inguinal hernia. The roent- 
genograph showed extensive infiltration throughout the right lung, with a 
huge cavity 10.3 cm. long extending from the very apex to the bottom ofthe 
second rib anteriorly. In the left lung there were scattered lesions of the pro- 
ductive type to the bottom of the second rib anteriorly. On July 12, 1929, 
resection of the second to the eleventh right intercostal nerves, inclusive, was 
performed, together with the serratus posticus superior and inferior muscles 
under local anaesthesia. At the beginning of the operation the blood-pressure 
was 96/78, pulse 126, and respirations 28; thirty minutes later the blood- 
pressure was 48/26. Three-quarters of a grain of ephedrin sulphate was given 
intramuscularly and ten minutes later the blood-pressure was 72/52. Thirty 
minutes after this the blood-pressure was 102/66, pulse 124, and respirations 
24. At the conclusion of the operation the blood-pressure was 96/58, pulse 
50, and respirations 24. There was slight cyanosis during the operation. 
The anaesthetist’s report on the patient’s condition was “fair” at the beginning 
of the operation, ‘“‘poor’”’ during the operation, and “fair” after the operation. 

Upon return to bed the systolic blood-pressure was 65, the patient was 
cyanosed, and his skin was cold and clammy. The following morning after 
a 600-cc. intravenous infusion of normal saline solution, his blood-pressure was 
96/73. During the first five postoperative days he was occasionally cyanosed 
but not dyspnoeic, and his postoperative condition was considered to be satis- 
factory in view of his desperately ill condition. From then until the day of 
his death there were no cyanosis and no dyspnoea and his condition was con- 
sidered satisfactory. 

Suddenly, ten days after operation, he became very weak, his blood-pressure 
dropped to 80/64, and the pulse was 148 and respirations 36, and in spite of 
stimulation he died within a few hours. 

Before operation his temperature ranged between 99.4° and 100.2°, the pulse 
100-132, and respirations 22-30. He was digitalized before operation. The 
day following operation his temperature was 100.2°, pulse 158, and respirations 
28. Three days later they were, respectively, 101°, 140, 30. From then until 
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three days before death they were: 98.6°-99.6°, 120-136, 25-30 (before opera- 
tion respirations were 22-24 except on one occasion 32). During the last three 
days the temperature was 99°-100°, and pulse 108-140. The day of death 
they were 100.2°, 148 and 36. 

Before operation the daily amount of sputum was approximately 150 cc. 
The amounts on the eight postoperative days were as follows: 100, 50, 60, 
75, 45, 60, 75 and 50 cc. 

Immediately following intercostal neurectomy the patient’s right thorax 
had very little respiratory movement but the movements of the left thorax 
were definitely greater than before operation. 


Case 6: E. C., a woman of 35, manager in a department store, was admitted 
to the University Hospital on July 20, 1929, having been referred by Dr. Fred 
Holmes of Phoenix, Arizona, with bilateral pulmonary tuberculosis, far ad- 
vanced, and with slight cavitation in the left lung. Her chief complaints were 
cough, sputum, anorexia, night-sweats, insomnia, weakness, and loss of 5 lbs. 
in one year. 

Eighteen months ago her tonsils were removed under ether anaesthesia. 
Immediately before this operation her lungs were said to have been normal. 
One month later she had what was called influenza, with cough, sputum and 
fever. She continued with her work, but her cough increased, fever continued, 
and she persisted in losing weight. She then had four haemoptyses, two of 
which were severe, and she consulted a physician who diagnosed tuberculosis. 

Left-sided phrenicectomy was performed in February, 1929, six months 
before admission to this hospital. At about this time there began increasing 
pain in the right lower quadrant of the abdomen and diarrhoea that occa- 
sionally amounted to twenty bowel-movements a day and on four or five 
occasions there were severe intestinal haemorrhages. The roentgen-ray 
showed definite evidence of ulcerative tuberculosis of the ascending colon. 
In May, 1929, there were from eight to ten movements a day and early in 
June her physician started her with the tomato juice-codliver oil cocktails of 
Dr. McConkey. Shortly after this there was marked decrease in pain, and 
the bowel movements averaged two a day. During her three-week stay at 
this hospital the pain was very slight and there was only one formed bowel- 
movement a day. The patient has been confined to bed for fourteen months. 

Her previous medical and family histories had no bearing on her present 
illness. Physical examination showed a moderately well-nourished woman 
who did not appear to be acutely ill. The urine was negative except for many 
cocci and epithelial cells and a few white blood cells. The routine physical 
examination was negative except for the following findings: A few carious 
teeth; dulness of the left lung above the fourth rib anteriorly and sixth thoracic 
spine posteriorly; sharp rales throughout the left lung without coughing; the 
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tight lung normal anteriorly except for increased tactile fremitus above the 
fourth rib; posteriorly on the right a definite area of dulness between the fifth 
and seventh ribs in the scapular line, and in this area a few rales without cough- 
ing and a shower of crepitant rales after coughing, and the breath-sounds were 
diminished ; voice-sounds of typical egophonic quality but no frank evidence of 
cavity-formation. Roentgen-ray examination showed extensive productive- 
exudative tuberculous infiltration throughout the left lung, this being particu- 
larly marked in the upper third where there were three small cavities. The 
left diaphragm was very high andimmobile. On the right side there was tuber- 
culous infiltration at the level of the fifth and sixth ribs. On unaided inspec- 
tion and fluoroscopic examination there was a slight inspiratory lag of the left 
thorax. 

There was definite tenderness in the right lower quadrant of the abdomen 
but no mass was felt. Vaginal examination revealed a thickened and tender 
right broad ligament; the appendages could not be identified. 

On July 22, 1929, resection of the second to tenth left intercostal nerves, 
inclusive, and of the serratus posticus superior and inferior was performed. As 
this patient had no twelfth ribs there were no eleventh intercostal nerves. 
At the beginning of the operation the blood-pressure was 122/58, and the pulse 
126. Ten minutes later they were 72/52 and 126. An intramuscular injec- 
tion of 3/4 gr. of ephedrin-sulphate was given and fifty minutes later the blood- 
pressure was 100/70 and pulse 114. At the conclusion of the operation they 
were 110/70 and 114. During the three and one-half weeks since operation 
and until the time of this writing her condition has been wholly satisfactory. 
During the two days before operation her maximum temperature was 99.4°, 
pulse 118, respirations 25, and sputum 14 cc. The first two days after opera- 
tion they were, respectively, 101°, 110, 20,0. Since that time the temperature 
has averaged 99.4°, pulse 90, respirations 20 and sputum 15 cc. This patient 
noticed a definite increase in the difficulty of expectoration since operation. 
She found, however, that she was able to “raise” satisfactorily when she lay 
on the operated side to begin coughing and then sat up in order to expectorate. 
There has been no dyspnoea whatever. 

With respect to her respiratory movements it was found by fluoroscopic 
examination twelve days after operation that the upper half of the operated 
side moved 50 per cent less than the unoperated side during a moderate in- 
crease in the voluntary inspiratory effort and 20 per cent less in the lower por- 
tion of the operated side. Unaided inspection of this patient’s respiration 
has shown a progressive decrease in the respiratory movements of the operated 
side, so that three weeks after operation on quiet breathing the left side is 
almost immobile both above and below (figure 3). On moderately increased 
breathing the movement of the operated side increased but remained less than 
that of the unoperated side. On extremely deep breathing expansion of the 
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operated side seemed to be at least equal to that of the unoperated side. Pos- 
sible explanation for this is offered in the legend to figure 10. 

This patient has been operated upon too recently to justify any sound con- 
clusion as to the clinical result but so far the prognosis seems to be decidedly 
favorable. 


SUMMARY AND CONCLUSIONS 


1. Unilateral multiple intercostal neurectomy preceded by phrenicec- 
tomy in dogs and rabbits greatly decreases the mobility of the hemithorax 
in quiet respiration and causes a moderate decrease in its: size. Dysp- 
noea does not result. 

2. On the basis of constant experimental findings and of the expected 
beneficial effect on human pulmonary tuberculosis, I have used the 
operation on 6 patients. The clinical results have been startlingly good 
in three; negative in one in whom lesions in the contralateral lung, in- 
testines and larynx, where they were beyond reach of the operation, 
continued to progress; death in one from cardiocirculatory decompensa- 
tion to which the operation was a final contributing cause; and in the 
last patient operation three weeks ago has been too recent to permit con- 
sideration of the result, although so far the clinical course has been highly 
satisfactory. 

3. Phrenicectomy should be performed one or more weeks in advance 
of intercostal neurectomy. 

4, Multiple intercostal neurectomy may be painlessly performed in 
one stage under local anaesthesia. A longitudinal incision is made to 
the angles of the ribs and two or more centimetres of the second to 
eleventh intercostal nerves, inclusive, are resected at the costal angles 
distal to the posterior rami. Very exceptionally, for limited lesions, 
fewer than ten nerves may be resected and, if temporary diaphragmatic 
and intercostal paralysis be clearly indicated, the nerves may be crushed 
rather than resected, or they may be injected with alcohol. 

5. As no rib is divided and as, therefore, the thoracic wall retains its 
protective rigidity, the patient is better sheltered from the two chief 
dangers of thoracoplasty, which are cardiocirculatory failure and rapid 
spread of the tuberculous lesions. Although intercostal neurectomy 
impairs the function of expectoration, extension of infection from stasis 
of secretions within the lung has not occurred in any of my cases. This 
theoretical danger has not, however, been tested by sufficient clinical 
trial. 
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6. Since the operative mortality from intercostal neurectomy may be 
expected to be far less than from thoracoplasty, the former may be used 
in certain of that rather large group of patients who are not suitable 
subjects for thoracoplasty and in whom pneumothorax has proved inade- 
quate. Such patients include both those who are too ill for thoracoplasty 
and those who are not ill enough, in view of the risk, and yet for whom 
further aid is necessary in order to bring about arrest of the disease. 
Among patients too ill for thoracoplasty should be included those who 
are too old or too frail or whose cardiocirculatory reserve is inadequate, 
or in whom the chance of activation of lesions in the better lung seems 
too great. 

7. Obviously, noteworthy preoperative dyspnoea or impairment of 
cardiocirculatory function should contraindicate intercostal neurectomy 
as it would thoracoplasty. However, certain lesser degrees of impair- 
ment of cardiocirculatory or respiratory reserve that would make thora- 
coplasty unsafe may prove a reasonable operative risk for intercostal 
neurectomy. 

8. Emphatically it is not my intention to offer multiple intercostal 
neurectomy as a general substitute for thoracoplasty, for this it never 
can be. The majority of cases of pulmonary tuberculosis demand a 
considerable reduction in the thoracic diameters in order to close large 
cavities or, in certain cases, to compensate for the contraction that 
occurs with extensive pulmonary or pleural fibrosis. These demands 
thoracoplasty meets best, if artificial pneumothorax has failed because 
of pleural adhesions. In such cases intercostal neurectomy is indicated 
as a preliminary operation preparatory to thoracoplasty only when the 
patient is in unfit condition for thoracoplasty. 

9. But I do recommend this operation, with the reservation that my 
clinical experience with it is based upon only 6 cases, as an apparently 
effective substitute for thoracoplasty in those cases in which there is no 
very large cavity demanding active compression, but in which consider- 
able reduction of respiratory mobility, together with some retraction 
of the thoracic wall, is desired. 
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PHRENICOEXAIRESIS IN PROGRESSIVE PULMONARY 
TUBERCULOSIS 


EZRA BRIDGE anp PERRY A. BLY! 


Phrenicoexairesis, or avulsion of the phrenic nerve, has been used at 
Iola Sanatorium in the treatment of 60 cases of pulmonary tuberculosis 
which after a period of sanatorium care gave evidence that their disease 
was not being controlled. Our results are encouraging enough to lead 
us to outline them in detail. © 


Simple section of the phrenic nerve was proposed in 1911 by Stuertz (1) 
for basal tuberculosis, especially with cavitation. In 1913 Schepelmann (2) 
suggested section and avulsion of the phrenic nerve in early pulmonary tubercu- 
losis. In the same year Sauerbruch (3), working independently, reported 
results in five cases treated by this method. Although its introduction into 
this country has been more recent it is gaining in popularity. The synonyms 
are phrenicotomy, phrenectomy, phrenicectomy, phrenicbexairesis, and phrenic 
neureciomy. 


DESCRIPTION OF PHRENIC NERVE 


The following description of the phrenic nerve is quoted from Sobotta 
and McMurrich (4): 


The phrenic nerve, otherwise known as the Internal Respiratory Nerve of Bell, 
is by far the most important and longest branch of the cervical plexus. It 
arises mainly from the fourth cervical nerve, but partly also from the third 
and sometimes with a small root from the fifth, and very rarely even the sixth 
cervical nerves. It passes downward on the anterior surface of the scalenus 
anticus and enters the superior thoracic aperture behind the sternoclavicular 
articulation and between the subclavian artery and vein. It then continues 
its course through the thorax, lying in front of the root of the lung, close to the 
pericardium, and covered by the pericardial pleura, in company with the peri- 
cardiacophrenic vessels, to the superior surface of the diaphragm. ‘The right 
nerve pursues the straighter course, keeping close to the right innominate vein 
and the superior vena cava, and lower down, resting on that portion of the peri- 
cardium which covers the wall of the right atrium. The left passes over the 


1 Tola Sanatorium, Rochester, New York. 
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great curvature of the left ventricle and the apex of the heart, while the right 
one passes along the inferior vena cava and enters the diaphragm by several 
branches. Those branches which pierce the diaphragm, mainly in the foramen 
for the vena cava, but partly also in the oesophageal hiatus, innervate the 
lumbar part, and are termed the phrenico-abdominal branches. 

The phrenic nerve is not purely motor, but gives a sensory pericardiac branch 
to the pericardium, as well as delicate branches to the superior surface of the 


liver. 
THE DIAPHRAGM (5) 


The diaphragm, a thin and markedly dome-shaped muscle forming the 
division between the thoracic and abdominal cavities, is one of the princi- 
pal muscles of respiration. It is convex towards the thoracic cavity and 
concave towards the abdominal cavity. It consists of a central tendin- 
ous portion and a peripheral muscular portion. 

The muscular portion is divided into the small sternal part arising from 
the posterior surface of the xiphoid process, the large costal portion aris- 
ing from the inner surface of the six lower costal cartilages, the eleventh 
and twelfth ribs and the lumbocostal ligaments, and a strong lumbar 
portion. 

The lumbar portion on each side has three crura, or pillars, the crus 
mediale, crus intermedium and crus laterale, all arising for the most part 
from the bodies, intervertebral discs and ligaments of the lumbar verte- 
brae, and in the case of the crus laterale from the two internal and exter- 
nal lumbocostal arches. 

All of the muscular portions are inserted into the central tendon which 
is either reniform or shaped like a clover leaf and which forms part of the 
upper surface of the dome. 

Through the diaphragm passes the abdominal aorta, thoracic duct, 
oesophagus, inferior vena cava, vena azygos, vena hemiazygos, and the 
sympathetic and splanchnic nerves. 

The diaphragm is derived from the fourth cervical myotome and be- 
longs to the cervical muscles. In the embryo it lay in the cervical re- 
gion and migrated to its final position between the thorax and abdomen. 
Hence it is that it is supplied by the phrenic nerve which elongates as 
the diaphragm descends to its final position. 


PHRENICOEXAIRESIS 


THE OPERATION 


Under local anaesthesia incision is made about one inch above the 
clavicle and parallel to it just posterior to the sternocleidomastoid muscle. 
The phrenic nerve is exposed as it lies upon the scalenus anticus. The 
nerve is anaesthetized, dissected free and severed. The distal portion 
is wound around forceps and given slow and intermittent traction until 
it gives way. The aim of this exairesis is to avulse as much nerve as 
possible. It is desirable to get at least 8 cm. so that any accessory nerves 
will be removed. The patient may have more or less discomfort during 
the avulsion and at the time of breaking of the nerve, though we have 
never found it necessary to use a general anaesthetic. All of our opera- 
tions were performed by Dr. E. W. Phillips to whom we are deeply 
indebted. 

In certain cases the nerve is crushed or injected with alcohol in order to 
secure temporary paralysis of the diaphragm which may last from four 
to six months or more. Later, if the progress of the case under this treat- 
ment is satisfactory, radical phrenicoexairesis may be performed. 

Healing in tuberculosis is delayed by motion. This applies to tubercu- 
losis of the lungs as well as to tuberculosis of other parts of the body. 
Surgeons realized this when they introduced the use of casts, traction, 
arthrodesis and other methods of immobilization in bone and joint 
tuberculosis. In pulmonary tuberculosis the movements of the lungs 
and heart and especially the movement caused by cough are factors 
delaying recovery. This may be better appreciated by recalling to 
mind the times when any of us had a cut near or over the joint of one of 
our fingers. This joint was moved only occasionally during the day and 
yet the healing was very slow. Imagine that we moved this joint twenty 
times a minute as we do the chest structures when we breathe, and again 
that every once in a while we took hold of the end of the finger and 
twitched it. This is analogous to what happens in the lungs when we 
cough. We now begin to get some idea of the insult to inflamed pul- 
monary tissues caused by movements in the chest. This naturally 
delays healing. We must also remember that the absorption of toxic 
products is intimately connected with increased movements and increased 
circulation. 

This brings us to the point of stating that the rationale of phrenico- 
exairesis depends on a relative diminution of pulmonary excursion and 
pulmonary relaxation. The operation does not paralyze all of the mus- 
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cles of respiration on the side involved. The accessory muscles of res- 
piration still function. But it does bring about a very important 
decrease. The result of this decrease of function makes it an ideal pro- 
cedure in cases having unilateral disease, yet it should not be understood 
that this operation is entirely limited to this type of case. Figures 
presented will demonstrate that its applicability is much wider, and un- 
doubtedly as our conception and knowledge of the results grow we will 
use it more and more in certain well-selected cases of bilateral 
involvement. 

The indications for this operation may be roughly divided into three 
groups,—operations (1) of election, (2) of necessity, and (3) preliminary 
to thoracoplasty. 


OPERATIONS OF ELECTION 


By operations of election are meant those which we believe will aid in 
the ultimate recovery of the patient. It must be understood that this 
operation is not indicated immediately upon the discovery of unilateral 
disease. All of the accepted routine methods of treatment should be 
given a fair trial to determine whether or not the patient has the neces- 
sary resistance to overcome his infection without this operative procedure. 
If after observation it is discovered that the burden placed upon the pa- 
tient is too great, this operation can then be performed in order that he 
may receive this additional impetus toward recovery. While the ideal 
case is one that is unilateral yet experience has shown that selected 
bilateral cases also improve. 

In considering the indications for phrenicoexairesis it is difficult to 
determine the maximum amount of involvement in the opposite lung 
that would contraindicate operation. 

There are instances in which the contralateral lung has shown con- 
siderable infiltration, dense lesions and cavity-formation, yet the signs 
have diminished and the condition of the patient has improved after 
phrenicoexairesis. 

The problem of judging whether or not the contralateral lung will stand 
the additional strain is delicate and difficult. Experience shows that it 
will stand much more than might be supposed. For some reason the 
diminution of symptoms that usually follows this operation gives the 
patient the necessary ability to counteract the more recent disease in 
the opposite lung. 


PHRENICOEXAIRESIS 


OPERATIONS OF NECESSITY 


Here we are faced with the problem of deciding to do something in 
order to help the patient out of a difficult situation. With haemoptysis 
in a unilateral case decision is easy, but when there is disease on the 
other side the problem becomes complicated and the best clinical judg- 
ment is needed. 

Artificial pneumothorax is the operation of choice in most cases of 
haemoptysis; but often artificial pneumothorax is impossible because of 
pleuritic adhesions. All of us know how frequently at the necropsy 
table we find the diseased lung firmly bound to the parietal pleura by 
adhesions due to previous pleuritic inflammation. These cases can often 
be benefited by phrenicoexairesis. Our series brings out the point that 
this procedure has been effective in a sufficiently large number of cases to 
justify continued use of this procedure in these instances. 


OPERATIONS PRECEDING THORACOPLASTY 


Many surgeons feel that there is a benefit to be derived from phrenico- 
exairesis previous to thoracoplasty. Their theories are that it helps to 
secure absolute rest of the lung and that it has the advantage of accus- 
toming the other lung to a variable increase in function resulting from a 
complete collapse of the diseased side. 


CLASSIFICATION OF THE SIXTY CASES 


Our experience with phrenicoexairesis at Iola Sanatorium dates back 
to October, 1925. During this period the operation has been performed 
sixty times, not including those done preliminary to thoracoplasty. The 
number of operations in the different years is as follows: 2 in 1925, 10 
in 1926, 20 in 1927, 21 in 1928, and 7 to May 1, 1929. The average pe- 
riod of observation after operation has been eighteen months. 

The disease was unilateral in 20 cases (33.3 per cent), and bilateral in 
40 (66.6 per cent). Fifteen (75 per cent) of those with disease limited 
to one side are improved; the rest are unimproved (3) or dead (2). 
Twenty-two (55 per cent) of those with bilateral disease are improved, 10 
(25 per cent) unimproved, and 8 (20 per cent) are dead. 

The disease was minimal in 1, moderately advanced in 8, and ad- 
vanced in 51. By minimal is meant a case in which the disease. in- 
volves less than one-third of the volume of one lung. Of course, there 
are other considerations in making this classification, but it is not neces- 
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sary to go into them here. By moderately advanced is meant a case that 
has a moderate degree of infiltration or pathological changes involving 
not more than the volume of one lung. By advanced is meant all other 
cases that cannot be classified in the two previous divisions or any case 
showing a serious tuberculous complication. 


RESULTS 


Judged by changes in strength, weight, pulse and temperature, cough 
and expectoration, and X-ray, the results in our series of 60 cases have 
been 37, or 62 per cent (15 unilateral and 22 bilateral), improved, and 13, 
or 22 per cent (3 unilateral and 10 bilateral), dead. Thirty-four were 
females and 16 males. The ages of two-thirds of the entire number were 
between sixteen and thirty years. 

In 11 cases (18 per cent) there was no sputum, in 15 (25 per cent) 
previously positive sputum became negative, in 2 (3 per cent) previously 
negative sputum became positive, and in 32 (54 per cent) the sputum 
remained positive. 

Twenty-three complications were present in this series: tuberculosis 
of the larynx 10, tuberculosis of intestines 8, chronic valvular heart dis- 
ease 3, tuberculosis of bones 1, diabetes mellitus one. Thirteen of these 
patients improved, 7 did not improve, and 2 died. 

The 60 operations are divided into 41 of election and 19 of necessity. 
Of the elective operations 31, or 75 per cent (14 unilateral and 17 bilat- 
eral), are improved; 8, or 20 per cent (1 unilateral and 7 bilateral), are 
unimproved; while 2, or 5 per cent (1 unilateral and 1 bilateral), are 
dead. 

Of the 19 operations of necessity, 6, or 32 per cent (1 unilateral and 5 
bilateral), are improved; 5, or 26 per cent (2 unilateral and 3 bilateral), 
are unimproved; and 8, or 42 per cent (1 unilateral and 7 bilateral), are 
dead. Control of haemoptysis was the indication in ten and failure to 
improve under sanatorium regimen in 9. The only cases in this group 
to show any improvement were those having haemoptysis. The other 
haemoptysis cases and all of those with poor prognosis are either un- 
improved or dead. Haemorrhage continued in 3 cases. In the other 
7 the haemoptysis stopped immediately after the operation, but re- 
curred in 3. 

Temporary nerve-block was done five times, three for haemoptysis 
with success in two, and two for poor prognosis with improvement in 
one. 
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We have observed that after operation our patients raise more sputum 
for a short time but with less effort, their pulse-rate is temporarily ac- 
celerated, and they have little or no discomfort except for slight and 


transient dyspnoea. 


CONCLUSIONS 


1. Phrenicoexairesis is indicated in those unilateral cases of pulmonary 
tuberculosis which have not made satisfactory progress under sanatorium 
regimen. 

2. It is useful in bilateral cases which have a more or less limited lesion 
in one lung. 

3. It often favorably influences serious tuberculous complications. 

4, It may be a factor in checking haemoptysis. 
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THORACOSCOPIC PNEUMOLYSIS 


JEROME R. HEAD 


The important réle of artificial pneumothorax in the treatment of 
pulmonary tuberculosis is no longer questioned. The statistics of 
Matson (1), of Rist (2), and of others have shown that in the group of 
cases in which it is indicated it can reduce the mortality from 55 per cent 
to 25 per cent, and raise the percentage of clinical cures from less than 10 
per cent to over 50 per cent. It accomplishes its results by resting and 
collapsing the diseased lung, and is successful only in so far as it does 
these things. Pleural adhesions, preventing complete collapse, account 


for many of its failures. How frequently these occur and how seriously 
they affect the results are shown in the statistics of Matson’s table 1: 


NUMBER 
OF CASES 


WELL 


ARRESTED 


DEAD 


Good collapse 
Partial collapse 
No collapse 


211 
183 
98 


per cent 


48 
13 
7 


per cent 
20 
13 
23 


per cent 


21 
50 
55 


Thus a satisfactory collapse was obtained in only 211 (43 per cent) 
In 98 cases (20 


of 492 cases, and a partial collapse in 183 (37 per cent). 
per cent) it was impossible to find any free pleural space. 


Of the first 


group 48 per cent were well, 20 per cent arrested, and 21 per cent dead. 
Of the second group 13 per cent were well, 13 per cent arrested, and 50 
per cent dead; while in the group in which no collapse was obtained 7 per 
cent were well, 23 per cent arrested, and 55 per cent dead. 


The figures of Saugman and Gravesen (cited by Jacobaeus (3)), show 
similarly the deleterious effects of adhesions. 


NUMBER 
OF CASES 


ABLE TO 
WORK 


UNABLE 
TO WORK 


DIED OF 


TUBERCU- 


LOSIS 


DIED 
OF OTHER 
DISEASES 


Complete pneumothorax 

Complete pneumothorax but with 
localized adhesions 

Incomplete pneumothorax with more 
or less extensive adhesions 


37 


42 


46 


per cent 


70.2 


33.3 


11.1 


per cent 


2.1 


per cent 


23 
66.6 


86.7 


per cent 


|_| || 22 
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There is thus a definite and constant relation between the cures and 
the mortality on the one hand and the degree of collapse on the other. 
The indication for doing something to complete an incomplete collapse is 
obvious. 

In 1913 Jacobaeus (4) conceived of the possibility of cauterizing such 
restraining adhesions under direct vision througha thoracoscope. He 
inserted a trocar and cannula into the pleural cavity, removed the tro- 
car, and through the cannula slipped a “‘scope” similar in most respects 
to an indirect cystoscope. The pleural cavity was first explored, and the 
adhesions located, and then through a second smaller cannula a small 
hairpin galvanocautery was inserted, and the adhesions severed. These 
instruments have been variously modified with the result that the pro- 
cedure is now relatively simple. Unverricht (5) enlarged and otherwise 
modified the Jacobaeus scope, and Singer (6) and Kremer (7) have used 
direct-vision instruments. These have numerous advantages over the 
indirect type, the chief one being that instrumentation and vision are 
carried out through the single cannula. I have used a direct-vision 
instrument of my own design, and have found it completely satisfactory. 
For exploration of parts of the cavity close to the sight of the puncture I 
have used the optical part of an ordinary indirect cystoscope. Maendl 
and Kronitzer (8) have used electrocoagulation in place of the galvano- 
cautery. 

The operation was found to be not without complications. Although 
these were rarely serious, sufficient importance was attached to them to 
discourage many from adopting it. Whoever had heard of it had heard 
chiefly of the complications, and so felt qualified to damn the method. 
The persistent work of Jacobaeus (see bibliography), Unverricht (5), 
Matson (9), Gullbring (10) and others has, however, shown the way to 
the avoidance of most of the serious complications, and in many clinics 
in Europe and in a few in this country the operation is now in general use. 
Those who have had most experience with it believe that it is an impor- 
tant adjunct to pneumothorax therapy. 

Because of the obvious indications for some such procedure it has 
seemed worth while seriously to consider it. I have been able to collect 
from the literature relatively complete reports of 357 instances of its use. 
While this is by no means a complete list, it is, I believe, large enough to 
be of value. The object of the operation being to complete the col- 
lapse of the lung, one can ask of it only that it do this without producing 
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serious complications. In the following table are shown the general 
results: 


NUMBER COLLAPSE | COLLAPSE CLINI- 


OPERATOR SATIS- NOT CALLY 
OF CASES | yactory | IMPROVED | IMPROVED 


99 
10 
34 


id 


Jacobaeus (11) 150 121 
Unverricht (5) 11 
Gullbring (10) 40 
Gravesen (12) 16 
Holmboe (13) 12 
11 
Gehrke (15) 4 
Weber (16) 
Korbsch (17) 
Dahlstedt (18) 


NOP OW M&W 


& 
dN 


80 20 70 5.6 


Improvement in these cases has been judged by fall in temperature, 


decrease in the amount of sputum, disappearance of tubercle bacilli, 
and gain in weight. Many of the cases listed as unimproved had, before 
the operation, no fever, little sputum, and often no bacilli. These, if the 
collapse was improved, can be said to have been benefited. It will be 
noted that in Jacobaeus’s series a satisfactory collapse was obtained in 
121 cases, but that only 99 were clinically improved. Of the 22 cases, in 
which a good collapse was secured but which were not improved, one 
died of an asthmatic attack four days after the operation, one died of 
diabetes, one of tuberculous enteritis, in four the contralateral lung 
became worse, and in six an effusion present before the operation was 
made worse. 

In regard to the type and degree of improvement the statistics of 
Gullbring (10) are the only ones that are complete. In regard to the 
temperature, and the presence of tubercle bacilli these are as follows: 
there were 40 cases in the series: 


Temperature 


FEBRILE- 
SUBFEBRILE SUBFEBRILE 


| 
j 

DIED 
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WORSE 
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Bacillit in Sputum 


BEFORE 


The figures of Gravesen (cited by Jacobaeus (11)) are the only ones 
which record the late results. ‘These are as follows: 


If we compare these figures with those of Saugman and Gravesen, as 
to the results of pneumothorax therapy when adhesions are present, we it 
see that in this group a probable mortality of approximately 70 per cent 1 


has been lowered to 31 per cent. 
The complications are of particular interest. It is these which have 
worked most strongly against a wider adoption of the operation and 
which, therefore, should be most carefully considered. Those thus far 
encountered have been subcutaneous emphysema from escape of air 
through the puncture wound from the pleural cavity, haemorrhage from 
the severed ends of the adhesions, and various types of pleural effusion. : 
The subcutaneous emphysema should be considered as an incident i 
rather than as a complication. It passes rapidly, and in no instance has 
it proved harmful. If the pressure in the pleural cavity is left low at 
the end of the operation, it rarely occurs. Closure of the tract with a | 
deep silkworm stitch, strapping of the area with adhesive, and the ad- 
ministration of codeine to suppress the cough for a few hours are other 
measures which tend to prevent it. 
The danger of haemorrhage from the severed ends of the adhesions has 
been greatly exaggerated. All who have had experience with the opera- 
tion agree that it will not occur if the cauterization is done slowly and ‘ 
with a relatively cool point. There are no figures as to the number of 
times that it has occurred. Usually it has been slight, and has been con- 
trolled immediately with the cautery. Only once did it affect the result a 
of the operation and in this case it was fatal (18). The pulmonary / 
side of the adhesion bled profusely and the blood, spattering on to the a 
lens of the thoracoscope, so obstructed vision that control of the haemor- 
rhage by cautery was impossible. 
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Jacobaeus (19), Unverricht (5) and others have made gross and micro- 
scopic studies of adhesions with special reference to their vascularity. 
None of them found large vessels. Jacobaeus found the vessels small 
(1 to 2 mm.), and noted thickening of the muscularis and adventitia 
with narrowing of thelumen. They were least numerous near the chest- 
wall. Unverricht and Matson (9) found that the vessels were smaller 
and less numerous the longer the pneumothorax had existed. The former 
concluded that there was no more danger of haemorrhage than in burn- 
ing through any similar strand of scar-tissue. Jacobaeus believes that 
serious haemorrhage occurs only when the lung itself is cauterized. All 
are agreed that it will not occur if the burning is done slowly and the 
adhesions are severed close to the chest-wall. In the light of these facts 
it cannot be held a considerable complication or one which under any 
circumstances would contraindicate the operation. 

This leaves for consideration only the pleural effusions which the opera- 
tion not infrequently produces. All of the bad results save the one in- 
stance of fatal haemorrhage have been attributable to them, and conse- 
quently if the operation is rejected it must be upon this ground. In 
weighing the importance of this set of complications one must bear in 
mind that over 50 per cent of all cases treated with pneumothorax de- 
velop effusions and that in between 6 and 20 per cent of the total cases 
the effusion is purulent. Hayes (20) found, furthermore, that in 10 per 
cent of his cases of effusion the onset was sudden and so attributable to 
the rupture of an adhesion. One should remember that this accident 
becomes increasingly frequent as the pressure is raised in an attempt to 
stretch the adhesions, and also that this group of cases is eliminated by 
the operation. 

Jacobaeus early recognized that the postoperative effusions were of four 
varieties. In the first the fluid was small in amount and transitory, 
evidently a sterile traumatic exudate. In these cases the course of the 
pneumothorax treatment was in no wise affected. In the second group 
the effusions were more copious, were persistent, and, as demonstrated 
by guinea-pig inoculations, contained tubercle bacilli. They were 
similar in all respects to the serous effusions which one ordinarily en- 
counters in the course of pneumothorax therapy. In the third group 
there developed true tuberculous empyema. In the fourth the pleural 
cavity was the seat of a mixed infection. This latter group was, of course 
by far the most serious. Jacobaeus also included a fifth group, in which 
serous or purulent tuberculous fluid developed only after an interval of 
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from one to six months. In view of the recognized probability of an 
effusion in any case treated by pneumothorax, it does not seem justifi- 
able to lay these to the door of the operation. 

The statistics on the incidence of the different types of effusions in the 
present series are as follows: 


EFFUSION EFFUSION 
NUMBER No SLIGHT MIXED | PRESENT LATE 
OF CASES | EFFUSION AND | EMPYEMA| BEFORE | EFFUSION 
TRANSITORY OPERATION 


357 134 92 50 27 57 | 6 


In 285 of 357 cases either there was no effusion, it was slight and transi- 
tory, a preéxisting one was not made worse, or it appeared only after one 
to six months and so cannot be attributed to the operation. This leaves 
89 cases (25 per cent) in which the operation produced an effusion or made 
worse one already present. In 50 of these the effusion was a serous 
tuberculous pleurisy, in 27 a tuberculous empyema, and in six empyema 
with mixed infection. In six cases an existing effusion was made worse. 

Statistics allow us to assume that over 50 per cent of these cases would 
sooner or later have developed an effusion, whether or not the operation 
had been performed. Thus, of the 77 cases which developed tuberculous 
serous or purulent effusions 38 would have developed effusions in any 
case, and, of these, seven would have been purulent and 31 serous. We 
can, therefore, say that 20 instances of tuberculous empyema and 19 of 
tuberculous serous effusion are attributable to the operation. The sta- 
tistics of Hayes, which show that in 10 per cent of the cases the effusion 
was caused by the rupture of an adhesion, allow us to assume that the 
incidence of effusion in the 285 (75 per cent) uncomplicated cases would 
be considerably lower than in a similar group of unoperated cases. 

The six instances of empyema with mixed infection form the most 
serious mark against the operation. The complication is, however, com- 
mon in the course of simple pneumothorax therapy. Peters encountered 
it in 3.2 per cent of 275 cases. He states further that purulent exudates 
were twice as frequent when collapse was incompletely effective as when 
it was satisfactory, and demonstrable bronchopleural fistulae occurred 
six times as frequently,—1.9 per cent of satisfactorily collapsed cases, 13.5 
per cent of those in which the collapse was incomplete. One can assume, 
therefore, that a certain number of these patients would sooner or later 
have developed this complication, and that its incidence in the success- 
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fully operated cases would be much lower than had the adhesions been 
allowed to persist. 

How serious is the occurrence of a serous exudate? Most writers feel 
it is of little importance. Bernard and Baron (22), inquiring especially 
into this question, found that in a series of 116 cases in no instance did 
it alter the prognosis. Peters (21) is of the same opinion. That a puru- 
lent effusion is, however, important is generally agreed. Hayes (20) 
found that, of 32 cases of tuberculous empyema complicating artificial 
pneumothorax, nine developed bronchial fistulae and died. In the en- 
tire 32 there was a mortality of 18 (55 per cent). Five were treated 
by thoracoplasty, three early in the course of the empyema, and two 
after bronchial fistulae had developed: these two died. The three 
treated early were cured. Archibald (cited by Hayes) and most others 
now agree that tuberculous empyema is an indication for immediate 
thoracoplasty, and that by it most cases can be cured. 

Infection of the pleural cavity with pyogenic microérganisms is the 
most serious complication that can supervene. It occurred six times in 
the series of 358 cases. The infection may come from the perforation 
of a pulmonary cavity, from contamination from without at the time of 
operation, or from the later development of a pleurocutaneous fistula. 
If the ordinary principles of asepsis are followed, contamination at the 
time of operation is extremely unlikely. There is no record of its having 
occurred. In one instance the cautery entered a cavity in the lung, and 
the patient died in the course of a few days from acute nontuberculous 
empyema. Gullbring reports a case in which tuberculous infection of 
the operative tract resulted in the establishment of a pleurocutaneous 
fistula, with secondary infection of the pleural cavity. The patient was 
cured by the establishment of closed drainage and the performance of a 
thoracoplasty. Jacobaeus reports a case in which a cavity ruptured into 
the pleural space several days after the operation. 

Anatomical study of the adhesions has shown many interesting facts 
in regard to the aetiology of the effusions. Jacobaeus and Unverricht 
(5) both found that in many instances the pulmonary tissue is drawn out 
into the adhesions in the shape of a cone, and that, if the adhesions lie 
directly over cavities, they may contain offshoots of these. This oc- 
curred only in the larger band-like adhesions, and even where it was most 
marked the lung tissue never extended more than 1.5 cm. and never be- 
yond the middle of the adhesions. Although Unverricht made cultures 
and guinea-pig inoculations of portions of adhesions and concluded that 
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they were sterile, he has since come to believe that many of them contain | 
tubercle bacilli, and Gloyne (23) has demonstrated that foci of tuberculo- if 
sis and even areas of caseation are not uncommon. These facts explain if 
the aetiology of the tuberculous effusions and also the mechanism of the ) 
occasional instance of perforation of the lung. They indicate the neces- 
sity of slow cauterization and of severing the adhesions close to the chest- 
wall. Slow cauterization should be effective in sterilizing the cut sur- | | 
faces, and so in cutting down the incidence of effusions. Perforation of } 
the lung and secondarily infected empyema will not occur if the adhesions il 
are severed close to the chest-wall, and if the limitations of the operation q 
are recognized and only suitable adhesions attacked. Gravesen says | 
that in every case in which empyema occurred too much was attempted. a 
A summary of this consideration of the complications brings out the | 
following facts: 


1: Emphysema is a negligible incident and can usually be avoided. 


2: Haemorrhage need never occur. 


3: In the present series the operation produced persistent effusions or made 
worse effusions : lready existing in 25 per cent of the cases. 1 

a: Over 50 per cent of these would have developed fluid sooner or later even a 
though the operation had not been performed. 

b: The cases successfully collapsed are less likely to develop fluid than if 
the adhesions had been allowed to persist. 

c: Against the operation there can be credited, therefore, 19 cases of serous 
effusion, 20 cases of tuberculous empyema, and 6 cases of empyema with mixed 


infection. 

d: Serous effusion does not seriously alter the prognosis of the pneumothorax | 
treatment. Tuberculous empyema can be cured by thoracoplasty, an opera- ; 
tion which would have been indicated had the cauterization not been per- a 


formed. Had the adhesions been severed close to the chest-wall and had too 
much not been attempted, the instances of empyema with mixed infection 
need not have occurred. 


In considering the above statistics one must bear in mind that the work 
here included represents the pioneering. In the early days of abdominal 
surgery the mortality from gastroenterostomy was nearly 50 per cent, 
and the early experiences with thoracoplasty showed 15 deaths in each 
100 operations. I believe that with the knowledge now at hand practi- 5 
cally all of the serious complications can be avoided. ¥ 
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It remains, then, to consider the indications for the operation. These 
will depend upon the amount of benefit which may be expected from it 
and upon the type of the adhesions. It is well known that many lesions 
go on to complete healing when the collapse is relatively slight. The 
statistics of Saugman and Gravesen and of Matson indicate that many 
do not. To a certain extent it is possible at an early date to distinguish 
between these groups of cases. The operation is principally indicated 
when band-like or membranous adhesions prevent the collapse of cavities. 
A persistence of cough and positive sputum is an indication even in the 
absence of patent cavities, as is also persistent haemoptysis from an 
uncollapsed area. 

Only band-like and membranous adhesions can be safely severed. If 
the lung is adherent over a wide area it is practically impossible to free 
it without cauterizing lung tissue and so increasing greatly the risks of 
empyema and haemorrhage. In such instances Jacobaeus (11) at 
repeated sittings has cauterized just the membranous reflection at: the 
edge of the adherent lung, and has occasionally succeeded eventually in 
freeing the entire area. 

Next to exploratory thoracoscopy the X-ray gives the most important 
information as to the feasibility of operation. It has been found, how- 
ever, to be frequently misleading, and practically always there are pres- 
ent more, fewer, or different types of adhesions than it indicates. Cases 
which appear simple problems on the roentgenograph are found, on ac- 
tual inspection, to be wholly impossible and vice versa. Careful physical 
examination often gives important information. It has been my ex- 
perience that whenever there are loud breath-sounds or other distinct 
pulmonary signs the lung is there widely adherent and cannot be freed. 
Before determining that a case is or is not suitable, exploratory thoracos- 
copy should be performed. This is an exceedingly benign procedure and 
can be done practically as simply, safely, and with as little discomfort 
to the patient as simple thoracentesis with a needle. In the many re- 
ported instances there have been no complications. 


Contraindications 


Jacobaeus, Unverricht (5), and Matson (9) believe that thoracoscopy 
should not be performed in the early months of pneumothorax treatment. 
Jacobaeus believes that areas of pleural tuberculosis are less likely to be 
healed, and that therefore effusion is more probable. Unverricht believes 
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that the pleura acquires resistance under continued pneumothorax. 
Matson has found that in the early months the adhesions are much more 
vascular and that therefore haemorrhage is more probable. Gullbring 
(10) disagrees with these opinions. Of the 40 cases upon which he oper- 
ated six had had pneumothorax less than six months. In these he en- 
countered no greater incidence of haemorrhage or effusion than in those 
whose lungs had been collapsed over much longer periods. 

Jacobaeus believes that the existence of an effusion is a relative con- 
traindication. He has found that the course of the pleurisy is often 
made much more severe after cauterization. Gullbring performed the 
operation three times in the presence of an effusion and noted no such 
exacerbations. Matson found that the reaction to operation was no 
different when effusion existed than when it did not exist. He operated 
44 times in the presence of fluid. It is the belief of most authorities that 
the presence of a purulent effusion is not so much a contraindication for 
cauterization as a definite indication for thoracoplasty. Unverricht 
believes that fluid is a contraindication only when it signifies an acute 
and progressive pleural inflammation. He recognizes three types of 
fluid, and has found that the presence in them of a high percentage of 
eosinophiles is evidence of a high resistance and of resorbtion. The first 
type is merely a reaction to the foreign gas. The protein is low and the 
percentage of eosinophiles high. It tends to resorb spontaneously, and 
is not a contraindication to thoracoscopy. ‘The second type is a true 
tuberculous pleurisy, usually serous, but occasionally purulent. It isa 
contraindication only if there are few eosinophiles. The third type is 
empyema with mixed infection, and is an indication for drainage and 
thoracoplasty. 

In evaluating an operation one must view it not only in the light of the 
indications and results but also in relation to alternative procedures. If 
there is a simpler or more effective method of accomplishing the same 
end it must take precedence. When the collapse is prevented by ad- 
hesions, besides thoracoscopic pneumolysis, there are four operations 
which may be employed. These are (1) stretching of the adhesions with 
high intrapleural pressures; (2) extrapleural thoracoplasty; (3) extra- 
pleural pneumolysis; and (4) wide thoracotomy with intrapleural pneu- 
molysis. Of these the first two are the only ones seriously to be 
considered. Extrapleural pneumolysis is a major operation with a con- 
siderable operative mortality. Autogenous packs atrophy and do not 
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maintain the collapse, and foreign-body packs of the size required entail 
a whole series of untoward complications. Wide thoracotomy with 
section of the adhesions under direct vision, besides being a major opera- 
tion, is subject to all of the complications of thoracoscopic pneumolysis. 

The maintenance of high intrapleural pressures, extrapleural thora- 
coplasty, and thoracoscopic pneumolysis remain as the three warrant- 
able procedures. Which one is indicated must depend upon the pecu- 
liarities of the individual case. It is well known that the maintenance of 
high intrapleural pressures is not without risks. It predisposes to the 
development of effusions and to the rupture of adhesions with secondary 
infection of the pleural cavity. I believe that the incidence of these com- 
plications is as high as or higher than following conservative thoraco- 
scopic pneumolysis. 

If the other two methods fail, the indication for partial or complete 
thoracoplasty will depend upon the condition of the contralateral lung. 
In some cases I believe that thoracoplasty is the method of choice. This, 
however, opens the broad question of the relative merits of artificial 
pneumothorax and thoracoplasty, a discussion of which would be outside 
of the intentions of this paper. 
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A SIMPLE THORACOSCOPE! 
JEROME R. HEAD anp IMAS RICE 


At the present time there are in use two types of thoracoscope. The 
first, that originally devised by Jacobaeus, employs indirect right-angled 
vision through a lens and mirror. Operative procedures are carried out 
through a separate thoracic cannula. The other type, an example of 
which is that devised by Singer, uses direct vision and in most instances 
instrumentation is done through the same opening. 

There are many disadvantages to the indirect method. Right-angled 
vision is less distinct than direct, and to operate on a structure seen in a 
mirror, and with an instrument entering the thorax through a separate 
opening, must always be difficult. With the right-angled “scope” the 
light remains at the tip of the instrument and can never be brought 
close to the site of operation. Distant points in the thoracic cavity 
are in relative darkness. The lenses frequently become blurred by blood 
or condensed vapor, and must be repeatedly removed and cleaned. 
The instruments, moreover, are complicated and expensive. 

With the direct thoracoscope all of these disadvantages can be obvi- 
ated. For the past several months we have been using one devised by 
ourselves which has the advantage of being extremely simple and inex- 
pensive, giving an excellent view of all parts of the thorax, permitting the 
light to be advanced to any desired position in the cavity, and allowing 
both vision and instrumentation through the same cannula. In our 
hands it has proved completely satisfactory. It consists of an ordinary 
thoracic trocar and cannula (size 23 F) and a short bronchoscopic light 
carrier. 

The carrier is provided with a long clip which, fitting over the cannula, 
through a slot in the flange, permits fixation of the light at any desired 
depth. For cauterization we have thus far used the instruments supplied 
with the Wolff model of the Jacobaeus-Unverricht indirect thoracoscope. 
These have been bent at an acute angle close to the base, to prevent 
obstruction of the view by the manipulating hand. The cannula is sufh- 
ciently large to allow passage of the common bronchoscopic instruments, 

1 From the Department of Surgery of the University of Illinois College of Medicine, Chi- 
cago, Illinois, and from Spring Brook Sanatorium, Aurora, Illinois. 
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thus enabling one to remove tissue for diagnosis and to perform various 
other procedures within the cavity. 

At the present time we are having constructed a combination light- 
carrier and diathermy-point. This will increase the field of vision by 


Fic. 1 
A: Cautery. 
B: Cannula with light-carrier in place. a: Clip on light-carrier. 
Procar: 
D: Top view of cannula, showing slot in flange (b) to receive clip on light-carrier. 


obviating the necessity of having two instruments in the “scope,” and 
will make certain that the light is always close to the site of operation. 
Maendl and Kronitzer have advocated the use of diathermy in place of 
the galvanocautery. It is reasonable to believe that the greater pene- 
tration of the heat will render haemorrhage less probable. 
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A NEW CANNULA FOR DIRECT THORACOSCOPY! 
WILLI MASCHER? 


Since Jacobaeus introduced his method of cauterizing adhesions in 
incomplete artificial pneumothorax several attempts have been made to 
modify the instruments originally employed by him with the view of 
simplifying the technique. Undoubtedly this operation has not been 
employed to the extent it deserves, the foremost reason being probably 
the technical difficulties associated with the operation itself. These diffi- 
culties are mainly due to the fact that the optical system with which the 
different thoracoscopes are fitted alters more or less the visual field, causing 
the objects to become displaced or distorted as well as magnified or 
reduced in size, all according to the distance from the lens. This renders 
the orientation exceedingly difficult, a fact that has been repeatedly 
pointed out in the literature. 

Unverricht’s instrument is said to give a more lucid view of the field of 
operation and is more heavily built and larger than that of Jacobaeus. 
Kremer’s thoracoscope in certain cases means a definite advance, as it 
permits of a direct view of the pleural cavity because of the optical sys- 
tem being mounted at the tip of the thoracoscope and not at the side, as 
is the case in the former. Finally, Singer has described a thoracoscope 
in this journal, THE AMERICAN REVIEW OF TUBERCULOSIS, into which 
one is able to insert a baby cystoscope or else view the pleural cavity 
through an ordinary eyepiece. Unfortunately I have not had the op- 
portunity of seeing this thoracoscope, but, judging from its description, 
it must be rather a coarse instrument, it being stated “‘that it is very diffi- 
cult in a large number of cases to find intercostal spaces wide enough to 
introduce the instrument without separating the periosteum of the 
ribs.’ The author himself recommends open thoracoscopy, that is, 
opening the chest-wall by operation “either removing a portion of the 
rib or not,” whereby a direct view is obtained of the pleural cavity. In 
common with a few other suggested modifications, Singer’s instrument 


1Read before the Swedish Society of Tuberculosis Officers, Stockholm, Sweden, 
February 27, 1929. 

2 Translated by Dr. C. Westman, Stockholm, Sweden. 

3 Kroppefjall Sanatorium, Dals-Rostock, Sweden. 
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permits the cautery to be introduced through one and the same cannula, 
whereby the introduction of still another cannula is rendered unneces- 
sary. In my experience, however, the latter by no means implies any 
sbvious simplification of the technique, and there would seem to be no 
sreat disadvantage from making two punctures, at least as long as the 
ores of the cannulae are kept within reasonable dimensions. 

At Lot sanatorium (Dr. C. Lowenhjelm, Chief) we tried, for the sake 
»f practice, to cauterize tendons put on the stretch in the thoracic cavity 
ofadead body. It was then found that the operation could be materially 
‘acilitated by securing a direct view of the pleural cavity by the aid of a 


Fic. 1 Fic. 2 


third, open trocar, the thoracoscope then serving merely as a source or 
light. Subsequently we cauterized a few adhesions by the aid of such 
an additional trocar. In so doing we were able to convince ourselves 
every time that the technical difficulties at the operation, and thus also 
the time occupied, were considerably reduced. 

The next step was naturally trying to construct a thoracoscope by 
which it would be possible, without the inconvenience of an optical sys- 
tem, to get a direct view of the pleural cavity. After several attempts we 
have now succeeded in constructing a model, which, so far, has proved to 
fulfil all the claims that can reasonably be placed on such an instrument. 

The instrument is made up of an open cannula, grooved inside, pro- 
vided with a lighting device interfering as little as possible with the 
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visual field (cf. figures 1 and 2). The cannula has a diameter of 5.5 mm. 
and a length of 6 cm. The lamp is provided with a reflector and at- 
tached to the end of a thin resilient plate, which, after introduction of 
the instrument, is lying along the side of the cannula. In such manner a 
sufficiently large, well-illuminated view is obtairied without any disturb- 
ing reflection from the source of light. An ordinary pocket battery will 
do for supplying the current, and should suitably be provided with a 
rheostat. Naturally the thoracoscope can also be connected to any of 
the ordinary apparatuses for endoscopy and cauterization. 

This cannula for direct thoracoscopy has been used by us in numerous 
cases of cauterization and has proved greatly to facilitate the operation. 
After thorough anaesthetization with 10-20 cc. novocaine (0.5 per cent), 
the tissues adjacent to the ribs immediately above and below being also 
infiltrated, the trocar is inserted, the stilet being then slowly withdrawn 
to allow the pleural cavity to accustom itself by degrees to the atmos- 
pheric pressure. The lamp is then inserted. By turning the tip of the 
thoracoscope toward the pleural dome and downward toward the dia- 
phragm, a good view is obtained of most of the pleural cavity. In 
selecting the point of entrance due regard should, of course, be paid to 
the probable localization, as previously found by X-rays, of the adhe- 
sions. If during the operation it should be found impossible to get a 
complete view of solitary adhesions from the point of entrance,—and 
this applies especially to adhesions situated high up in the apex,—there 
is no objection to introducing Jacobaeus’s or Kremer’s thoracoscope, 
unless it is preferred to attack these adhesions by direct thoracoscopy 
from a new point of entrance. The cannula used for cauterization is 
exactly the same as that used for thoracoscopy; accordingly, it is also 
possible to exchange the cautery for the thoracoscope, and vice versa; 
the cannula is wide enough even to permit curved cauteries to be 
introduced. 

The advantages of direct thoracoscopy, thus rendered possible, are 
briefly as follows: 

1: Direct view of the pleural cavity by a sufficiently large, well-illumi- 
nated visual field, thereby obviating thealterationsin the picture produced 
by an optical system. The surface of the lung and the adhesions appear 
in natural size; their color, position and diameter can easily be deter- 
mined; pulsations, if any, are readily seen; etc. 

2: Normal codrdination between eye and hand; estimating the distance 
offers no difficulties whatever, and even applying the cautery as well as 
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refinding a place already attacked, after perhaps the cautery has slipped 
off, is child’s play. 

3: No interferences from mist, blood or fluid on the lens, which, when 
using the optical system, is a continuous source of worry. 

4: The fumes caused by the cauterization are immediately let off. To 
get rid of these fumes one has had, hitherto, either to withdraw the cau- 
tery or the thoracoscope. In using cannulae provided with ventilators, 
however, no such “airing” of the pleural cavity was possible; special 
Abséugevorrichtungen have therefore been constructed, which in their 
turn necessitated a considerable increase of the diameter of the cannula. 
One has also avoided inconvenient fume-formation by making use of a 
cautery-cannula without ventilator, sufficiently wide to allow the fumes 
to pass out at the side of the cautery. The direct escape of the fumes 
via the thoracoscope may conceivably have the disadvantage of proving 
troublesome to the eye. Personally I have never been troubled by it. 
In any case a pair of protective goggles should immediately remedy this 
drawback. 

5: Finally it should be mentioned that the cannula for direct thoraco- 
scopy can, as a rule, be introduced through the anterior or lateral wall of 
the chest. It is obviously a great advantage not to have to insert the 
instrument in the back, where, in the case of formation of exudate in a 
bedridden patient, fistulae may readily form. 

I should like to point out that the cannula I have described above does 
not claim to be able to replace altogether Jacobaeus’s thoracoscope. 
By the latter it is possible, from one point of entrance, to inspect the 
whole pleural cavity; it is therefore the instrument of choice whenever 
it is desired to get a survey of the whole pneumothorax cavity. For 
obvious reasons it is also indispensable in all laparoscopy. But as soon 
as there is a question of dealing with the cauterization of adhesions, the 
approximate position of which is known beforehand,—and in practice 
we are generally dealing with such cases,—the operation is facilitated 
very considerably by the possibility now at hand for direct thoracoscopy, 
allowing, as it does, a very much more rapid and unhampered operation. 

Quite recently I had the opportunity of again being struck by the 
technical simplification of such endothoracic operations, as carried out 
by this method. It was a case of removing a Saugman cannula, which 
two years previously had broken off during the process of thoracocentesis. 
After making an entrance in the left 7th interspace in the midaxillary 
line, the needle fragment, 3 cm. in length, was immediately got into view 
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and found to be stuck with one end in the dome of the diaphragm and the 
other in the chest-wall, a long way toward the middle line, where it kept 
moving to and fro, following the pulsations of the heart and the excur- 
sions of the diaphragm. It was an easy matter by means of a laryngo- 
forceps, introduced into the mammillary line, to grip the needle at its 
middle and detach it with mild force from its attachments. In this posi- 
tion, however, it was of course impossible to extract it via the cautery- 
cannula, whereupon it was laid down, under guidance of the thoracoscope, 
on the pulmonary surface higher up, where the cardiac pulsations were 
less pronounced. An unexpected bout of coughing, however, caused the 
needle to jump up, subsequently disappearing from view. After search- 
ing for it for a short while it was rediscovered further toward the side 
and back, and could then without difficulty be gripped and extracted. 
The whole operation from the commencement of anaesthetization to the 
suture of the puncture occupied about 25 minutes. 

It is my hope that direct thoracoscopy will prove an important supple- 
mental method in our dealing with endothoracic caustic operations 
and thereby furthering a more extended use of Jacobaeus’s method of 
cauterization of adhesions, thus rendering the surgical treatment of pul- 


monary tuberculosis more efficacious and successful. 


The thoracoscope described above has been made by Kirurgiska Instrument Aktiebola- 
get (Kifa), Stockholm, Regeringsgatan 31, Sweden. 
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STANDARDIZATION IN ARTIFICIAL PNEUMOTHORAX! 


CARL R. HOWSON 


During the past two decades artificial pneumothorax has come into 
general use throughout the world, but it is still a comparatively new 
procedure, and like all new therapeutic measures has not yet reached 
a stage of final perfection, either in technique or nomenclature. 

Until quite recently there was no great need for standardization. But 
the past few years have seen a great increase in the number of physicians 
administering artificial pneumothorax, and a corresponding increase in 
the number of patients receiving it. Many patients for one reason or 
another find it impracticable to remain under the care of one physician 
during the entire period of their pneumothorax,—usually several years 
and possibly as long as they live. They therefore pass from the care of 
the physician who first induced pneumothorax into the hands of another, 
and sometimes another and still another. Hence it becomes highly 
desirable, both from the standpoint of scientific accuracy and of the 
welfare of the patient, that uniformity be attained in nomenclature at 
least. 

This involves four items: (1) manometer calibrations, (2) manometer 
fluid, (3) manometer bore and (4) needle bore. 

With regard to the second item, manometer fluid, there is practical 
unanimity at the present time. Mercury, because of its weight, is seldom 
used. The slight changes in pressure, translated into measurements of 
the movement of a column of such a heavy medium, are at times of al- 
most microscopic amplitude, and the inertia of the medium renders it 
still less responsive. The manufacturers of one of the most popular types 
of apparatus advise the use of a mixture containing one ounce of glycer- 
ine and one drachm of chloroform. However, readings are almost uni- 
versally given in centimetres of water, which is available at all times and 
places and is also light enough to register the slight pressures involved. 

The situation with respect to manometer calibrations is not so satisfac- 
tory. A large proportion, possibly the majority, of the apparatuses in 
use in this country have a scale graduated in centimetres. The reading 


1 Read before the Trudeau Society of Los Angeles, California, April 23, 1929. 
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given is the difference in the levels of the tops of two columns of water 
contained in the arms of a U-tube. To avoid the necessity of measuring 
this every time, the scale is graduated from the point at which the tops 


poh 


Portion of Manometer Scale (cm. ) 
(Actual Size ) 


Fic. 1 


of both columns reach equilibrium, the graduations reading in each direc- 
tion from zero, and recording positive and negative pressures. As one 
column rises the other falls to a corresponding degree, and it is apparent, 
therefore, that the distance from zero to the top of one column will be 
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only half the distance between the tops of the two columns. Hence a 
scale graduated in centimetres gives an entirely erroneous reading which 
has to be multiplied by two to be correct. This difficulty is overcome by 
calibration in half-centimetres, the graduations being numbered con- 
secutively as on the centimetre scale. The readings then represent the 
actual difference between the fluid levels (figure 1). 

Riviere, in his book (1), and Sewall (2), in a recent article in THE 
AMERICAN REVIEW OF TUBERCULOSIS, call attention to the importance 
of correct readings, and Sewall suggests that in order to avoid confusion 
the readings from a scale graduated in half-centimetres be reported as 
“actual” measurements. The readings on a scale graduated in centi- 
metres could be multiplied by two and then reported in the same way. 

It would seem that such a simple and yet important matter of stand- 
ardization might well be taken up by a committee of the National 
Tuberculosis Association. 

Riviere has also devoted space to a consideration of the internal di- 
ameter of the manometer and the needle. He reports differences in the 
respiratory fluctuations as between a large and a small needle and as 
between manometers of 4-mm. and 10-mm. bore. He states that Saug- 
man uses a manometer of 3-mm. bore, that he himself has found 4 mm. 
very satisfactory, and advises against the use of any exceeding 5 mm. 

As the amount of fluctuation which occurs with each phase of respira- 
tion is simply a representation of the amount of air passing in and out of 
the pleural space through the needle, the ideal arrangement would, 
theoretically at least, be to have the internal diameter of the manometer, 
the needle and the connecting tubing uniform. Capillary attraction and 
surface tension render it impractical to use a manometer with a bore as 
fine as that of the needles in common use. However, given a manometer 
of sufficiently large lumen to avoid the influence of these disturbing fac- 
tors, then the more nearly its bore approximates that of the needle the 
more accurately will the fluctuations of the water columns record the 
amount of air which passes through the needle under the pressure con- 
ditions existing. 

Most of the manometers which the writer has seen have an internal 
diameter of about 6 mm. To study the differences, manometers with 
bores of 6 mm., 4.5 mm., 3.5 mm. and 3 mm. were prepared, and readings 
taken in a number of cases, with the results shown in table 1. A 17- 
gauge needle was used, this being considered as large as is desirable 
without causing undue traumatism. 
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TABLE 1 
Manometer readings 


DIAMETER 


6 mm. 4.5 mm. 


—4 
-§ —13 —14 —13 

+2 <1 +3 -6 | +3 +4 4-6 
+3 +1 +1 +3 +1 -6 
+12 +10 | +12 +46] 412 . 46/46 +46 
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Table 2 shows the results expressed in terms of the amount 
of fluctuation. 


TABLE 2 
Manometric fluctuations (cm.) 


DIAMETER 


4.5 mm. | 3.5 mm. 


Cross-section area (sq. mm.) 


~ 


16 9.7 
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3.6 6.9 7.6 


It will be noted that, with practical uniformity, the difference in calibre 
results in a striking difference in the pressure readings and in the amount 
of fluctuation. The importance of free and adequate fluctuation, es- 
pecially in initial fillings, in enabling the operator to judge whether or not 
the point of the needle is in the pleural space, needs no emphasis on my 
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part. In some cases, with the large manometer, we should have been in 
doubt as to the needle being in the proper place had we not been sure 
from previous experience with these patients that the readings so indi- 
cated. It is evident also that not only does the amount of fluctuation 
vary, but that in many cases the point of maximum pressure also varies 
fromito2cm. Insome patients this might mean a difference of several 
hundred cubic centimetres of air, and readings sent by one physician to 
another could thus prove very misleading. 

For this reason it is felt that all manometers should be of 3- to 4-cm. 
bore. 

For connections the ordinary heavy gum stethoscope tubing is very 
satisfactory, for it has a lumen of about this size, it is pliable and yet 
it has no tendency to kink. It also stands repeated sterilization well. 

From time to time I have experimented with needles of different size, 
feeling that the smaller the needle the better from the standpoint of trauma 
to the chest-wall and the pleura, having in mind also the external scar- 
ring. Readings with a 20-gauge needle and various manometers are 
shown in table 3. A 21-gauge needle was found to be too small for satis- 
factory work under ordinary conditions, although in emergencies even 
smaller needles may suffice. 


TABLE 3 
Manometer readings: no. 20 needle 


DIAMETER 


4.5 mm. 


—12 
—2 


—4 
0 


Fluctuations (cm.) 


8 
2 


q 
CASE 

6 mm. 3.5 mm. 3 mm. 

10 1 I 7 8 "q 
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Table 4 shows comparative readings with needles of 17 and 20 gauge. 


TABLE 4 


MANOMETER READINGS FLUCTUATIONS 


Needle no, 17 Needle no. 20 Needle no. 17 Needle no. 20 


12 —4 —6 —5 —5.5 
13 —4 
14 —3 —6 —4 
15 0 —2 —1 
16 +1 —1 
17 
18 
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Average 


It will be noted that with marked pressures the amount of air passing 
through the needle was sufficient to cause a good fluctuation in the 
smaller manometers. However, with slight pressures bordering on neu- 
tral, this did not occur, the fluid remaining almost stationary. The use 
of these fine needles is open to the further objection that the slightest 
amount of moisture within the lumen interferes with their proper func- 
tioning. Needles of 19 and 18 gauge were also tried, and while they were 
satisfactory for a large proportion of cases, it was found that the smallest 
needle which would give reasonably accurate readings in all cases was one 
of 17 gauge. This can now be obtained in rustless steel and long enough 
for all but the thickest chest-walls. The obturator which comes with a 
17-gauge spinal needle fits snugly and prevents leakage of air better than 
the piece of wire commonly used. 

I do not feel that the occasional injection of two or three drops of novo- 
caine solution into the pleural cavity in the process of anaesthetization 
causes sufficient pleural irritation to justify one in discarding the larger 
needle in order to use a fine one without novocaine. The sharp pain 
experienced by the average patient on the insertion of the needle, how- 
ever quickly and skilfully done, and the discomfort occasioned at any 
movement of the needle during the injection of air are in most cases at 
least as much as are caused by careful infiltration with a needle of mini- 
mum size. The unreliability of the manometric readings therefore makes 
this method one to be used only under unusual circumstances. 

Standardization of the size of needle used is perhaps open to certain 
objections at present, but there is much to be said in its favor. 


CASE 
0.5 
1 
1 
0.5 
0.5 
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Standardization of manometric fluid is practically accomplished. Stand- 
ardization of manometric calibration and manometric bore appears to 
offer no great difficulties and to be highly desirable. 
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(1) Riviere, C.: Pneumothorax and surgical treatment of pulmonary tuberculosis, Oxford 
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THE TECHNIQUE OF ARTIFICIAL PNEUMOTHORAX: 
CHARLES E. ATKINSON? 


No attempt is made in this paper to deal with all phases of artificial- 
pneumothorax technique. Since it is felt that most of those engaged in 
tuberculosis work are already familiar with the general method of 
conducting pneumothorax, the discussion which follows is confined 
mainly to certain features which appear especially important. 

Before taking up the technique proper, it may be well to make a sugges- 
tion regarding the manner of presenting to the patient the question of 
pneumothorax treatment. Patients often have an unwarranted dread 
of pneumothorax, and some physicians inadvertently add to this feeling 
of dread when bringing the subject to the patient’s attention. When a 
patient inquires as to the accidents or complications of pneumothorax, 
I try to avoid going into detail. After first gaining the patient’s confi- 
dence, I say, frankly, that pneumothorax has certain inherent risks, 
but that; in the class of cases in which it is ordinarily used, the average 
risk is much less with its use than without it,—a statement that is well 
within the limits of truth. I then add that I believe it to be for his 
interest not to dwell further on the risks, perhaps explaining that he is 
fortunate in not being a physician, who when ill has a tendency to worry 
over complications which usually do not materialize. I explain that, 
as circumstances have come about, pneumothorax is now the best form 
of treatment for him; but it is important to avoid giving the impression 
that it is a measure of last resort, for, if adhesions then preclude pneumo- 
thorax and surgical measures are impracticable, there is then left for the 
patient not the smallest anchor of hope. 


APPARATUS 


In a general way, the choice of apparatus is relatively unimportant. 
It makes little difference whether movable or stationary bottles are used, 
or what gas is availed of (although in this country at least, air, which 


1 Presented at a Symposium on Artificial Pneumothorax at a meeting of the Trudeau 
Society, Los Angeles, California, March 26, 1929. 
* Medical Director, Southern Sierras Sanatorium, Banning, California. 


718 


TECHNIQUE OF ARTIFICIAL PNEUMOTHORAX 719 


costs nothing and is eminently satisfactory, is generally used). In 
regard to needles, I prefer one of large size. After thorough anaesthesia, 
a large needle causes no more pain than a smaller one, the manometer 
oscillations are wider and much clearer, and there is less chance of enter- 
ing a blood-vessel. The amplitude of the manometer readings depends 
in large part on the comparative calibre of the manometer, the interven- 
ing tubing and connections, and the needle. A large-gauge needle, with 
manometer tube of comparatively small bore, gives the widest swing. 
The manometer should be long enough to avoid overflow. 


POSTURE AND ANAESTHESIA 


With the patient resting over a pillow under the sound side, a bleb is 
made in the skin, and the anaesthesia conducted down to and including 
the parietal pleura, a procedure that should be carried out very gradually. 
It is a mistake to be in a hurry, as the resulting pain may cause fear of 
the operation which is never overcome. A willingness to wait for the 
anaesthetic to take effect before advancing the needle further, a little 
at a time, not only spares the patient physical suffering, but reduces the 
chance of pleural shock, inspires confidence, and makes it much easier to 
carry on the pneumothorax over a prolonged period. In ordinary cases 
the induction of pneumothorax is practically a painless procedure. One- 
half per cent novocaine, with or without adrenalin, is the anaesthetic 
used, and it is safer to use a platinum needle, as this is less likely to break. 

A point distant from the main lesion or cavity, in the lower axilla or 
near the angle of the scapula, is usually selected as the site of puncture, 
but if vital structures are avoided the puncture may be made at almost 
any point. If pleural friction is heard, entrance may usually be effected 
at this site. In rare cases, when adhesions prevent entrance elsewhere, 
a pleural pocket may be entered directly over the main lesion or cavity, 
and a small pneumothorax in this region may have a happy result. 

If three or four punctures are made at different points without en- 
trance, further attempts are not as a rule worth while. I have made as 
high as thirty-two punctures in a single case while searching for a point 
of entrance, but have rarely produced an effective pneumothorax, even 
a partial one, if the first three attempts proved futile. If only small 
pleural pockets are found (indicated usually by a rapid rise from a low 
to a high pressure), only in very uncommon instances has it proved pos- 
sible to secure an effective pneumothorax. On various occasions I have 
cautiously raised the pressure to high points in the endeavor to stretch 
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out a pleural pocket, but failure has been the rule. As an exception, I 
may cite a case in which pneumothorax was initiated ten years ago. On 
the first attempt the introduction of a moderate quantity of air caused 
the pressure to rise from a well-marked negative to a positive reading, 
but at a puncture made two days later the pressure at first rose rapidly, 
then fell, while the gas continued to flow in, suggesting that the adhesions 
were of a fibrinous character. A complete collapse was later brought 
about, and this patient is well and working to-day. In two or three cases 
I have been able to procure a progressive enlargement of a pleural pocket 
and ultimately to produce an effective pneumothorax, but ordinarily 
this is not feasible. 


DOSAGE AND INTERVALS 


In conducting a pneumothorax, the aim is first to gradually bring 
about that particular degree of pulmonary relaxation or collapse which ap- 
pears advisable in the individual case and then to maintain the pneumo- 
thorax as evenly as possible until such time as it appears desirable and 
reasonably safe to induce a further degree of collapse. If we proceed 
in this way, there is less strain on the heart, less chance of producing a 
retention abscess (which complicated the first case I undertook), less 
chance of ballooning the pleura toward the opposite side, less chance of 
flare-up in the opposite lung, as well as less chance of a fever reaction 
following the treatment. Each case, or, in fact, each administration of 
air in a given case, is in a sense experimental. The degree of collapse 
best suited for one patient may be either excessive or insufficient for 
another individual with disease of similar extent and activity. The 
degree of collapse which is optimal for a given case may change from 
time to time, and the degree of collapse which is desirable at a particular 
time is determined in a large part by the effect of previous treatments. 

In view of these facts, I believe that our purpose is best accomplished 
by the administration of relatively small quantities of gas at compara- 
tively short intervals. In the ordinary mainly one-sided case and a 
chest of average size, 300 cc. of air are entered at the first treatment. 
Thereafter gas is administered every other day for two or more times,— 
perhaps four or five on the average. The interval is then lengthened to 
two days, and so continued for a similar or longer period. Later it is 
made three days, four days, and soon. At the end of six months it may 
average ten days to two weeks, and later it may be further lengthened. 
The intervals are ordinarily kept sufficiently short, so that for a long 
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time the quantity of gas required remains around 300 cc. At later 
“refills” the quantity may be increased to 400 cc., and still later to 500 
cc., rarely more. 

In the beginning the object is merely to secure functional or symptom- 
atic relief. With allowance for reactionary rises, this means a lowering 
of the temperature, decrease of sputum and cough, and an improvement 
of the general condition, all of which may or may not be accompanied by 
a gain in weight. Until the effect on the contralateral lung is noted over 
a considerable period, merely enough air is introduced to serve this 
purpose. At this stage the desire is not to bring about any set amount 
of collapse, nor, primarily, to collapse cavities. The primary object is 
to avoid harm to the opposite lung, while at the same time securing 
symptomatic relief. As first pointed out by Matson, the mere separa- 
tion of the pleural layers is often all that is needed to obtain this end. 
There is always a temptation to get ahead faster, but patience is in order, 
and by proceeding slowly one may often “get by” in relatively unsuit- 
able cases. 

Patients frequently inquire, “How soon will improvement be noticed?” 
In a few cases I have noted a drop in the temperature, and a reduction 
of cough and sputum which proved permanent, after the first treatment. 
Such changes are often evident after the first few treatments, although 
in some cases no improvement is manifest during the first month. I 
recall one or two instances in which as long as two months elapsed before 
any change for the better came about. 


RELAXATION, COLLAPSE, COMPRESSION 


At this point a definition of these terms may prove helpful. By 
relaxation I understand the giving of functional rest to the pulmonary 
tissues; that is, a lessened respiratory movement of the lung is brought 
about. This of necessity involves a certain minimal collapsing of the 
air cells, or of some of them at least. ‘The term complete collapse I under- 
stand to mean that there is no respiratory excursion and that the lung is 
at absolute rest. In this state it is usually shrunken to a more or less 
elongated, hemispherical or sausage-shape mass. By the term compres- 
sion I understand that, after a complete pulmonary collapse is secured, an 
additional quantity of air is entered for the purpose of squeezing upon 
the shrunken organ so as to maintain collapse over a prolonged period. 

When a minimal relaxation of the lung has been maintained over a 
sufficient period, it is usually advisable to secure a greater degree of 
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collapse. If it is possible to be practically certain that the opposite lung 
is sound, or that it will withstand the additional work put upon it, 
provided adhesions are not a bar, I feel that the rule should be to ulti- 
mately bring about a complete collapse. A complete collapse is much 
easier to maintain evenly than is a partial collapse. The fact that there 
is perhaps less danger of rupture of the lung if this organ is completely 
collapsed is a factor of safety, and in most cases healing occurs more 
rapidly. In the event of effusion, followed by obliterative pleurisy, 
there is less likelihood that the lung will reéxpand sufficiently to cause 
reactivation of the tuberculosis, a condition which is much easier pre- 
vented than cured. 

If the lung is fully collapsed, and the mediastinum and pleura are 
firm, it is sometimes safe to raise the pressure slightly above thecomplete- 
collapse point. In this way the lung may be maintained in a collapsed 
state for a considerable period after partial absorption of the gas has 
occurred, permitting corresponding lengthening of the interval. This 
should never be done until a complete pneumothorax has been main- 
tained for some time, and it should then be undertaken with exceed- 


ing caution. 
MANOMETER READINGS 


When the needle first penetrates a free pleura, there is a characteristic 
swing of the manometer usually well to the negative, and definite, usually 
wide oscillations; for example, the reading may be —6, —10. For 
comparative purposes the average reading (—8 in this instance) is used. 
As gas enters the chest, the pressure rises, and at the first treatment the 
pressure may rise perhaps one point. At subsequent treatments one 
may perhaps raise the pressure slightly higher, but the point deserves 
iteration and reiteration that an effective collapse is often secured by a 
pressure considerably less than atmospheric. In fact, a complete collapse 
and a serious shifting of the mediastinum and dangerous ballooning of 
the pleura may at times be brought about by a less than atmospheric 
pressure. As a rule, it is a mistake to use high pressures. 

If a complete pneumothorax appears advisable but is prevented by 
adhesions, I have heretofore felt justified in occasional cases in endeavor- 
ing to bring about a more complete collapse by the very cautious use of 
higher and higher pressures. This procedure has been usually ineffec- 
tive, yet exceptionally it has been successful. Matson’s brilliant results 
in cauterizing adhesions by Jacobaeus’s method, as recently reported, 
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lead me to believe that, when feasible, cauterization is a safer and much 
more effective method. 

In judging the amount of collapse it is misleading and dangerous to 
rely upon pressure readings alone. Entirely wrong conclusions and 
serious results may accrue if one depends solely on the manometer. 
During pleurisy (even a dry pleurisy), for example, the reading may be 
as high as or higher than customary, yet (owing to contraction of the 
pleural cavity), the lung may be actually reéxpanding. In other 
instances progressive bowing of the pleura into the opposite side may 
occur while the closing pressure at successive refills remains constant. 
Again, at successive refills a greater and greater degree of collapse may 
be brought about, even though identical closing pressures are used. 
The phenomena are accounted for by several factors, including (1) the 
relative flexibility or rigidity of the mediastinum, (2) the condition of 
the diaphragm, (3) the natural elasticity of the pulmonary tissue, and 
(4) the entrapping of air in the alveoli during the process of collapse. It 
has long been known that, owing to its inherent elasticity, the normal lung 
will—in time—collapse fully, once the hindering influence of the negative 
intrapleural pressure is largely or entirely removed. Once partial col- 
lapse has occurred, the tendency is for the lung to remain contracted to 
this degree unless some active influence favoring expansion comes into 
play. Hence, once partially collapsed, the lung tends to remain collapsed 
even though the pressure falls slightly, and, when the pressure is raised 
to the same point at a subsequent refill, a somewhat greater collapse is 
produced. Then too, incident to partial collapse, a certain quantity of 
air is caught and imprisoned in the air-cells, a process which prevents 
immediate further collapse, but, as the entrapped air is slowly absorbed, 
further collapse gradually takes place. 

If the mediastinum is rigid, the manometer is a more dependable 
guide. This is particularly true after complete collapse has been secured, 
yet it is better to avoid placing complete reliance on manometric readings 
at any time. 


CONTROLLING FACTORS 


In the management of pneumothorax, as in other fields of medicine, 
a composite study of the case, rather than any one factor, should be our 
guide. The effect on the symptoms, physical signs, and frequent X-ray 
check-ups, are each important. In regard to symptoms, I will mention 
only one point. As previously intimated, there is sometimes (1) a slight 


i 


724 © CHARLES E. ATKINSON 


reactionary increase of symptoms immediately following a treatment; 
(2) then a period of lowered temperature, with reduced cough and expec- 
toration; and (3), later still, temperature and cough may recur. Some 
physicians follow the plan of waiting for this third phase, marked by 
increase of symptoms, before giving a refill. This I believe to be a 
mistake. The occurrence of the third phase, marked by symptomatic 
flare-up, means that material reéxpansion, the very thing we are striving 
to avoid, has already taken place. If this sequence of events, marked 
by the appearance of the third phase, is noted, the subsequent intervals 
should be shortened, or perhaps the dosage increased. 

Frequent study of the physical signs are important, chiefly for the 
purpose of keeping close tab on the condition of the opposite lung. 
Physical signs not rarely reveal activity in this lung before the X-ray 
will disclose a disturbance. 

The X-ray is not indispensable in -he conduct of pneumothorax, but 
it is an agency of great value, as well as a source of tremendous satisfac- 
tion and convenience. It affords definite control, tends to eliminate 
uncertainty, and should be availed of in all cases save when its use is 
impractical. Some years ago I conducted a good many cases of pneumo- 
thorax successfully without roentgen control. Although the results, as 
a whole, were fairly satisfactory, intensive watchfulness was required, 
and I was often perplexed by doubt. When, to-day, circumstances 
make it necessary to proceed without this highly important aid, we may 
have the satisfaction of knowing that, by concentrating on other methods 
of control, a good result may probably still be secured. The X-ray 
gives us our most accurate idea as to the degree and location of collapse, 
as to the effect of pneumothorax on cavities, and as to the presence of 
limiting adhesions. It also gives definite information regarding the 
mediastinum, pleural bowing, and the diaphragm. It is invaluable for 
the detection and localization of effusions, and for the recognition of 
obliterative pleurisy. 

Both films and fluoroscope give valuable data. Fluid isusually readily 
seen on the screen, even though it may not be visible on thefilm. Rarely 
the reverse is true. When deemed necessary, as when the presence of 
fluid is suspected, fluoroscopy should include tilting and shaking the 
patient; and rotation, to give oblique visualization, which will sometimes 
reveal a small pneumothorax, or a pleural hernia, which might otherwise 
escape notice. Even this procedure will not always reveal a very limited 
pneumothorax. In regard to filming, stereoscopic study of films made 
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with the patient standing, anteroposterior and posteroanterior films, 
oblique or lateral views in the upright position, views made with the 
patient bent to one side (to show shifting of pleural fluid),—each has its 
special advantages. It is sometimes worth while to make a film with 
the cassette in front of or behind the patient, who lies on one side. A 
lateral film, with the patient’s head lower than the body, may be helpful 
in determining the lower limit of a localized collection of fluid. 

On occasions the X-ray may help in conserving time, but it should 
never be used as an excuse for hurried, careless work. 


UNILATERAL PNEUMOTHORAX IN BILATERAL TUBERCULOSIS 


I have had a number of good results in bilateral tuberculosis. Minimal 
tuberculosis in the opposite lung is often influenced favorably, and in a 
few instances I have been gratified with the benefit secured in cases in 
which the tuberculosis in the better lung was past the minimal stage, 
and was active as well. I have also induced pneumothorax when the 
tuberculosis was definitely extending in the better lung, with several 
very satisfactory responses. In such cases the primary aim is merely 
to secure symptomatic relief by means of a partial pneumothorax. It 
is difficult to maintain a partial pneumothorax evenly, and very small 
dosage, for example, 100 or 200 cc., frequently given, is the rule. Much 
closer attention to all angles of the case and frequent X-ray study 
are essential. 

Theoretically, the objection has been made that, inasmuch as the 
healthy air-cells are the first to collapse, little or no benefit will be derived 
from partial collapse. The statement of Barlow and Kramer that air 
entered in small quantities under low pressures tends to collect over the 
diseased parts, producing a selective collapse, seems illogical, yet in 
other fields of medicine we meet with well-established facts which are 
similarly inconsistent with preconceived ideas. Whatever the explana- 
tion, in my own work I have had cases in which the X-ray films show 
this selective collapse of diseased areas. It has long been assumed, and 
is seemingly true, that sound lung tissue collapses first, so that the squeez- 
ing of secretions into the healthier portions is thereby prevented. Like- 
wise, it has been assumed that sound lung tissue expands first. In the 
cases in which X-ray shows selective collapse of the diseased parts, it 
may be that before the films were made the healthy portions had already 
reéxpanded. At any rate, experience has conclusively proved that 
satisfactory results are often secured from a slight degree of relaxation 
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or collapse obtained at a relatively low pressure. In some instances, 
after an efficient collapse of the affected area has been brought about, it 
may prove profitable to allow some reéxpansion, thus permitting the 
healthier cells to resume their function, and in this manner bring into 
play the principle of selective collapse. 


BILATERAL PNEUMOTHORAX 


In several cases I have given pneumothorax on both sides, simulta- 
neously, but with only limited success. It is sometimes advised not to 
treat both sides on the same day, but I see no harm in this if care is used 
to avoid material anoxaemia. One should avoid producing subjective 
dyspnoea by using very small dosage,—as an average, perhaps 100 cc., 
and sometimes less. 

Alternative or consecutive bilateral pneumothorax is a procedure of 
greater merit. Thus, if a pneumothorax conducted on one side for 
several months checks the tuberculosis on this side, it may be advisable 
to allow more or less reéxpansion of the worse lung, and later administer 
pneumothorax on the opposite side. 


METHOD OF DISCONTINUING PNEUMOTHORAX 


When discontinuing pneumothorax intentionally and electively, the 
plan of many workers is to suddenly stop the administration of gas. It 
is much safer, in my opinion, to stop the administration in a more gradual 
manner, entering gas at lower and lower pressures, thus permitting 
reéxpansion degree by degree, the whole process occupying a number of 
months, or even a year or more. A considerable period is required for 
compensatory adjustments, and, if rapid reéxpansion is permitted, the 
intensive stretching of scars thus brought about is more likely to lead 
to reactivation. Then too, although I have succeeded in recollapsing a 
lung that was completely reéxpanded for several months, such instances 
merely prove the rule that, in the event of reactivation occurring after 
reéxpansion, it is not usually possible to recollapse the lung. By allowing 
expansion to take place only very slowly, if reactivation does occur, 
recollapse may be induced before adhesions have formed. 


COMMENT AND CONCLUSIONS 


As a concluding word, I would emphasize the importance of continuing 
the rest-cure over a long period of time while pneumothorax is conducted. 
Artificial pneumothorax should be considered a measure of immense 
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value, but it should not be overvalued, and if these patients, who are 
usually in a poor general condition, are given the benefit of adequate 
rest, I am confident that the average of good results will be higher. 

Although I feel that pneumothorax is one of the most definite and 
effective measures in any department of medicine, yet in conducting 
pneumothorax trying moments are bound to occur despite all precau- 
tions. Rules do not always hold good. For example, it is at times 
impossible to be certain whether the needle is in the lung, in an adhesion 
or elswhere. Some workers say that, unless a clear negative swing with 
wide oscillation is obtained, no attempt should be made to introduce 
air. (As a matter of fact, even negative readings of this character are 
perhaps not absolute proof that the needle is in the pleural space.) When 
the occasion justifies the risk I think we may ignore this injunction, and 
turn on the gas momentarily, and note the result. Just as in all lines 
of practice, other little mysteries are prone to arise, perhaps even in 
cases which for some time have shown uninterrupted progress, but such 
occasions are infrequent, and serious accidents rare. On the whole, 
the technique is clear-cut and the results unequivocal. 
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ELECTROCARDIOGRAPHIC STUDIES IN ARTIFICIAL 
PNEUMOTHORAX AND THORACOPLASTY! 


ALAN R. ANDERSON 


In the past few years a number of investigators have made studies of 
the heart in patients with pulmonary tuberculosis. There is no doubt 
that a certain small percentage of tuberculous individuals have at the 
same time definite cardiac lesions. Most students of tuberculosis will 
agree, I think, with the statement that there are no definite cardiac 
signs accompanying the vast majority of tuberculosis cases and that the 
disease has no specific effect on the heart aside from that produced by 
any chronic, debilitating malady. Exception might be taken to this by 
those who describe a dyspnoeic onset (1) of pulmonary tuberculosis, but 
as yet there is not enough evidence accumulated to say that such onsets 
are indicative of cardiac disease. 

In a series of 250 tuberculous individuals Simon and Baum (2) have 
shown that the electrocardiograms differ very little from the accepted 
normal. This report is quite in agreement with the electrocardiographic 
findings in 100 consecutive patients admitted to the Trudeau Sana- 
torium in 1928. 

Since artificial pneumothorax has increasingly become an approved 
treatment for pulmonary tuberculosis, it was thought that a study of 
the heart by the electrocardiograph in a small series of these cases might 
not be amiss. This report deals with 50 cases of artificial pneumothorax, 
25 of which had collapse of the right lung and 25 of theleft. In addition, 
electrocardiograms are reported on 8 cases of thoracoplasty. It must 
be admitted that the majority of the cases had no electrocardiographic 
tracings before the administration of gas. Consequently, the only 
comparison that can be made is one between the patient’s tracing and 
the normal. 

All of the tracings were made under standard conditions with the 
patients lying prone. 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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ELECTROCARDIOGRAPHIC STUDIES 


I. ARTIFICIAL PNEUMOTHORAX 
A: Clinicai Data 


All of the patients were ambulatory and well enough to visit the 
laboratories for electrocardiograms and fluoroscopic examinations. At 
least 10 of the group were working or were on unlimited exercise. Most 
of the others were on restricted exercise and were going to all meals. 
Several complained of slight dyspnoea on climbing hills, and two whose 
phrenic nerves had been cut had fairly pronounced dyspnoea on exertion. 
The dyspnoea was never severe, never present when the subject was at 
rest, and perhaps was no more pronounced than that seen in many 
moderately advanced cases of tuberculosis. Three of the left pneumo- 
thoraces and one of the right had demonstrable mediastinal hernia, but 
the hernia seemed to have no ill effect on their health. In one instance, 
a tentative diagnosis of rheumatic endocarditis had been made before 
pneumothorax treatment, but this heart was functioning well when 
examined. 


B: Age and Sex of the Patients: Degree and Duration of Collapse 


The series included 26 males and 24 females. The ages ranged from 
18 to 44 years. In the second decade, there were 6 patients; in the 
third, 30; in the fourth, 13; and in the fifth, only 1. The degree of 
collapse ranged from 40 to 100 per cent; the majority had a collapse of 
70 to 85 per cent. The duration of the pneumothorax extended from 
10 days to 9 years. Twenty-nine of the patients had a collapse of one 
year or less. A mean atmospheric pressure had been used in maintain- 
ing most of these pneumothoraces. So far as could be determined, the 
age of the patient, and the degree and duration of the pneumothorax 
had no definite relationship to the functional activity of the heart nor to 
the form of the electrocardiogram. 


C: Rate and Rhythm 


The lowest cardiac rate was 75, and the highest 115. Thirty-six cases 
had rates of 90 and over, but of this group only 12 exceeded a rate of 100. 
These tachycardias were almost equally divided between the two sexes, 
and between the right and left pneumothoraces. None of the patients 
admitted an increase of pulse-rate since the beginning of pneumothorax 
treatment. Sinus rhythm predominated, but a few instances of sinus 
arrhythmia were recorded. In one case sinus arrhythmia was noted 
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both before and after the initiation of pneumothorax; no change in the 
rate had occurred. There were no auricular or ventricular extrasystoles 
in any of the tracings, a rather remarkable omission in 50 cardiograms of 
young adults. Perhaps the tendency to tachycardia might account for 
the lack of such extra beats. 


D: PR and QRS Intervals 


The PR interval measured from 0.15 to 0.18 seconds, and the QRS 
from 0.06 to 0.09 seconds. 


E: Waves P, R, S and T 


A tabulation of the minimum, average and maximum heights of the 
principal waves is given in table 1. For comparison a table by Lewis 
and Gilder (3) of tracings on 52 normal individuals has been included. 

It is noted that the average height of the P wave in Lead I in right 
pneumothoraces is considerably less than that given by Lewis for normal 
individuals; namely, 0.2 mm., rather than 0.52 mm. Sixteen of these 
patients had P waves in Lead I that were practically isoelectric. No 
satisfactory explanation is forthcoming for the diminution of this wave. 
In left pneumothoraces, the height of the P waves agrees quite closely 
with that given by Lewis in his normal cases. The P wave was frankly 
negative in only one case and then only in Leads II and III. This 
accompanied a right pneumothorax in which the collapse was almost 100 
per cent, and which showed slight mediastinal herniation when the trac- 
ing was made. In only a few cases did the height of P exceed that of T. 
The enlargement of P and T has been noted with accelerator stimulation 
and the converse with vagus stimulation. Rehberg (4) has stated that 
in pneumothoraces without adhesions the accelerator dominates, and 
slight tachycardia is produced as well as an enlargement of P and T. 
There is not much evidence in favor of either vagus or accelerator domina- 
tion in this series of tracings. 

The T wave in Lead I in both right and left pneumothoraces is some- 
what smaller than the average in Lewis’s cases. In Lead II the values 
are about equal in the two tables, while in Lead III the values of T are 
nearly twice those of the normal group. These increased values go 
along with increased values of R and are perhaps of no significance. 
While the wave T was isoelectric a number of times in Leads I and III, 
it was frankly negative in only 2 cases. Both of these were in left-sided 
pneumothoraces; the negativity occurred in Lead I in one case and in 


TABLE 1 
Findings of Lewis (52 normal cases) in millimetres 


Trace 
0.81 
£-5 


P R 
Lead 1 
Lead 3 
25 cases of right pneumothorax 
P R S 
Lead 1 
Lead 2 
Lead 3 
25 cases of left pneumothorax 
P R 
Lead 1 
Lead 2 
Lead 3 
0 1.0 0 —1.0 
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Leads II and III in the other. In both cases adhesions were present, 
and in the latter were interfering markedly with the collapse. Pressures 
of plus 12 to plus 18 (cm. water) were being used to maintain the pneumo- 
thorax. Rehberg (4) has argued that the vagus component steps in 
when adhesions are present, and perhaps this would account for the 
negativity of the T waves. It would not seem that the negative T in 
these two cases was of any prognostic significance, as neither of the 
patients had any definite cardiac symptoms. 

The R waves are somewhat larger in Leads II and III than those 
given by Lewis. In Lead II the value of R for the left pneumothoraces 
is appreciably greater than for the right and the T wave that follows is 
correspondingly more vigorous. 

The wave S appeared in Lead I eleven times in the right pneumothorax 
cases, and only three times in this lead in the left-sided cases. For the 
most part its value was small. 


F: Electrical Axis Deviation 


The electrical axis of the normal heart has been variously estimated, 
but perhaps it lies somewhere between zero and plus 90 degrees. Hearts 
with an axis of zero or less may be said to have a left-axis deviation and 
those that have plus 90 degrees or more, a right-axis deviation (5). 
Simon and Baum (2) found 10 per cent right-axis deviation and 10 per 
cent left-axis deviation in 250 cases of pulmonary tuberculosis. 

If one may accept the appearance of the S wave in Lead I as a criterion 
for right-axis deviation (right ventricular preponderance) no less than 11 
of the 25 right pneumothoraces showed such a deviation. However, 
only 9 of these showed an angle of deviation of plus 90 degrees or more. 
Of the left pneumothoraces, 3 showed S waves in Lead I, and each of these 
hearts had an axis deviation above 90 degrees. One tracing in the right- 
pneumothorax group showed a slight left-axis deviation; the angle in 
this case measured plus 11 degrees. Of the left pneumothoraces 3 
tracings with angles of plus 30 degrees, plus 26 degrees, and zero degrees 
might be described as showing slight left-axis deviation. 

Right-axis deviation occurred in 36 per cent of the right pneumotho- 
races, certainly a much larger percentage than in normal cases. Master 
(6) noted a right-axis deviation in electrocardiograms of 5 right-sided 
pneumothoraces (2 artificial and 3 spontaneous). Meek and Wilson 
(7) have stated that an uncomplicated rotation of the heart to the right 
on the anteroposterior axis or a rotation to the left on the longitudinal 
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axis will give right-axis deviation. It is interesting to note that the 
roentgenographs of the 9 cases with right-axis deviation revealed a 
greater displacement of the base than the apex. The latter appeared 
to be fixed by adhesions. It may be assumed then that such deviations 
were produced by an uncomplicated rotation to the right on the antero- 
posterior axis. In the one case of slight left-axis deviation accompany- 
ing right pneumothorax one may suppose a relative fixation of the base 
and consequently a rotation to the left on the anteroposterior cardiac axis. 

Apparently collapse of the left lung had much less effect on the elec- 
trical axis. Only 3 cases of slight left-axis deviation were noted and 
none of the angles was less than zero. The three right-axis deviations 
in left pneumothoraces were probably due to an uncomplicated rotation 
to the right on the anteroposterior axis. 

The average electrical axis for the right pneumothoraces was plus 74 
degrees and for the left plus 67 degrees. 


II. THORACOPLASTY 


To the surgeon who is called on to perform a thoracoplasty the deter- 
mination of the functional activity of the heart is quite an important 
thing. Attention has been called to the not infrequent cardiac failure 
(8) following this operation. Dubrow (9) has produced thoracoplasty 
experimentally in a number of dogs, and has examined the heart muscle 
about eight months later. He found a marked increase of the fat 
content of the right ventricle, which he interpreted as fatty degeneration. 
In addition, electrocardiograms on these dogs showed a right-axis devia- 
tion in the majority and an inverted T wave of significance in over one- 
fourth of the animals. Dubrow concluded that the right ventricle under 
such conditions has made a decided effort to compensate and that a 
fatty degeneration of its muscle has resulted. 

There were only 8 ambulatory cases of thoracoplasty snuiliaie for 
study. All of these were male patients, whose ages ranged from 24 to 
35 years. Four had the operation performed on the right side and four 
on the left. The shortest duration of thoracoplasty was 10 months and 
the longest 4 years. None of the group had active cardiac symptoms, 
although three complained of slight dyspnoea on exertion. Three were 
working regularly and one had unlimited exercise. 

Two had pulse-rates of 90 or over,—one 90, and one 108. Sinus 
rhythm predominated; slight sinus arrhythmia was present in one case. 
The conduction time was normal in all the tracings. 
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In the right thoracoplasties the P wave was inverted in two tracings. 
In one the inversion was in Leads II and III, and in the other in III 
alone. The wave T was inverted in Lead III in one case. This same 
cardiogram showed a right-axis deviation and an angle that measured 
plus 110 degrees. An estimation of the average height of the waves 
was not deemed advisable in so small a group of tracings. 

In the left thoracoplasties an inversion of the wave P occurred one 
time in Lead III. The T wave was isoelectric in Lead I in one case, but 
frankly negative in none. One heart in this group showed a right-axis 
deviation with an angle of plus 110 degrees. Left-axis deviation did 
not occur. 

From the electrocardiographic and clinical data at hand it could not 
be argued that any of these patients with thoracoplasty had any cardiac 
damage. It would not be proper to interpret right-axis deviation of the 
heart as hypertrophy of the right ventricle, for such: deviations have 
been so commonly present in pneumothoraces even of short duration. 
One would like to see a, study made of a much larger series of these cases 
and more particularly one that included the less favorable cases with 
symptoms of a failing myocardium. 


SUMMARY AND CONCLUSIONS 


1. Electrocardiograms made on 100 consecutive admissions to a tuber- 
culosis sanatorium have shown very little deviation from the normal. 

2. Electrocardiographic studies have been made on 50 patients with 
artificial pneumothorax and 8 cases with thoracoplasty. 

3. Neither the degree of pulmonary collapse maintained nor the dura- 
tion of the collapse therapy had any definite relationship to the form of 
the electrocardiogram. 

4, A rather marked tendency to tachycardia (pulse of 90 and over) 
was observed in a majority of these patients. However, according to 
their statements, the pneumothorax per se had influenced the pulse-rate 
very little if at all. 

5. In the 50 cases of pneumothorax the height of the principal electrical 
waves agreed for the most part with the accepted normal. 

6. A diminution of the P wave in Lead I in right pneumothorax has 
been noted in the present series. Inversion of the P wave in various 
leads has accompanied right pneumothorax and right thoracoplasty 
more frequently. 
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7. Significant inversions of the T wave were noted in only 2 cases, 
both with left pneumothorax. It has been suggested that high intra- 
thoracic pressures or adhesions have probably produced such inversions. 

8. Right-axis deviation of the heart has occurred with right pneumo- 
thorax in 36 per cent of the cases. For the most part perhaps this has 
been produced by a rotation of the heart to the right on its anteroposterior 
axis. Abnormal axis deviation with left pneumothorax has been noted 
only a few times. 

9. These electrocardiographic studies would not indicate that any of 
these patients was afflicted with a degeneration of the cardiac muscle. 
The clinical data would appear to bear out this contention. 
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RADIOLOGICAL SIGNS PERMITTING THE DIAGNOSIS 
OF PARALYSIS OF THE DIAPHRAGM COIN- 
CIDENT WITH PNEUMOTHORAX?! 


ATILIO VADONE 


There is a mutual dependence between the muscular action of the 
diaphragm and the elastic action of the lung. 

The contracting diaphragm distends the pulmonic parenchyma at 
inspiration, which, in its turn, by the force of its elastic retraction, causes 
the relaxed diaphragm to rise at expiration. 

By diminishing or suppressing the action of the elastic force of the 
lung, the pneumothorax greatly modifies this mechanical relationship 
between the diaphragm and the lung. Because of this disturbance of the 
natural equilibrium, modifications are presented which were noticed by 
the earliest observers. 

Therefore, it is not strange that in the year 1898 Kienboeck’s attention 
(1) was called to the fact that in pyopneumothorax the level of the fluid 
ascended at each inspiratory movement, while the diaphragm descended 
on the opposite side. Upon observing the same phenomenon in another 
case, he attributed the inspiratory ascent of the fluid to a paralysis of the 
underlying diaphragm. 

Curshmann (2), in 1904, observed respiratory immobility of the dia- 
phragm in the case of a pneumothorax of the right side and attributed it 
to the stability of the liver on that side and, generalizing, affirmed that 
immobility of the diaphragm should always be found when the pneumo- 
thorax was on the right side. 

This thesis was easily refuted the following year by Hofbauer, who, 
accumulating observations on pneumothorax, both right and left, some- 
times found immobility, sometimes a paradoxical movement, indiscrimi- 
nately as much in one as the other. Hofbauer (3) maintains that it is an 
error to explain these facts by a paralysis of the diaphragm, since there is 
no such paralysis, as Kienboeck affirmed, but that the modifications are 
of a purely mechanical order. The diaphragm passes from a state of 
relaxation at expiration to that of contraction at inspiration; but these 


1 From the University of Buenos Ayres, Argentina. 
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changes are not visible by means of the X-ray, says Hofbauer, when they 
are not accompanied by displacements of the diaphragm. 

As the Forlanini method became popular, observations increased and 
more complete works on the subject appeared. Thus, Wellmann (4), 
having treated many patients by pneumothorax, does not agree that this 
by itself provokes paralysis of the diaphragm and, to demonstrate it, he 
resorted to experiments on rabbits. He performed a laparotomy after a 
pneumothorax, and thus was able to observe visually the contractions 
of the diaphragm on the pneumothorax side. Not content with this, and 
applying the technique of Dritter, he attempted to follow the action 
of the contraction of the diaphragm with electric-current curves, thus mak- 
ing it evident that there was no paralysis of the diaphragm in pneumo- 
thorax. 

In spite of these demonstrations, it was not yet entirely clear whether 
the modifications of the mobility of the diaphragm observed in the course 
of therapeutic insufflations were due to purely mechanical factors or to 
pathological factors which altered the muscle biologically according to 
Stokes’s famous law. 

Thus Sergent (5), with Oury and Cottenot, in a communication to the 
Society of Scientific Studies on Tuberculosis on March 13, 1926, attri- 
buted the modification in the static and dynamic states of the diaphragm 
in pneumothorax to hypotonia of the diaphragm. Likewise, in other 
later works and in his book on Respiratory Syndromes (6), he republished 
these concepts, utilizing the terms hypotonia, paresis or paralysis. 

We have limited ourselves to the mention of only those authors who 
have given a great deal of effort to solving this problem and who have 
worked with it directly. As we have seen, the contradictions are marked. 

These are due to the fact that up until now, although the diagnosis of 
paralysis of the diaphragm without pneumothorax was easy because of its 
characteristic clinical and radiological symptomatology (which, by the 
way, has been studied by Heidenreich (6)), the symptomatology of pa- 
ralysis of the diaphragm coexisting with pneumothorax has not yet been 
described or even known. 

We have had the good fortune to observe various cases of pneumo- 
thorax which had had at the same time a surgical section of the phrenic 
nerve, with the result that the paralysis of the diaphragm was unques- 
tionable. By analyzing the signs which were presented in these cases 
and comparing them with those which were presented in pneumothorax 
without paralysis of the diaphragm, we have been able to establish a 
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radiological syndrome which has permitted us to diagnose with certainty 
whether or not there was paralysis of the diaphragm concurrent with 


pneumothorax. 
We shall sum up these radiological signs in three groups, namely: 


1: Position of the di:phragm. 
2: Contour of the diaphragm. 
3: Kienboeck phenomenon, or paradoxical movement of the diaphragm. 


1: Position of the Diaphragm: In the radiographs taken at deep inspir- 
ation in the standing position, when the diaphragm of the side of the 
pneumothorax is paralyzed it occupies a higher position than that of the 
normal side. The opposite is observed if there is no diaphragmatic hemi- 
plegia; that is, the diaphragm of the side of the pneumothorax is lower 
than that of the normal side. This is what happens: If, on the normal 
side, for example, the contraction of the diaphragm has to contend 
against a force of elastic inspiratory retraction of minus 15 or minus 20 
or minus 30, on the other hand this force remains reduced to minus 4 or 
minus 5 on the side of the pneumothorax, so that the contraction of the 
diaphragm occurs up to the maximum shortening of its muscular sheath. 


2: Contour of the Diaphragm: When there is diaphragmatic hemiplegia, 
the radiographs taken at inspiration and expiration show no modification 
of the contour of the diaphragm. 

When, on the contrary, there is no such paralysis, we observe marked 
differences in the radiographs taken at expiration and inspiration. At 
expiration, the contour of the relaxed diaphragm is regular, and convex, 
with marked and clear outlines. On the contrary, at inspiration, it seems 
to have an irregular contour, in some places blurred, in others festooned, 
all of which indicate the contraction of the muscular sheaths. 

Therefore, contrary to what Hofbauer thought, the X-rays can show us 
the contraction of the diaphragm although there may be no displacement 
of it. Likewise, we do not need to resort to registration of the currents 
of action as Wellmann was ingeniously obliged to do to demonstrate the 
contraction. 

(We must observe that we refer to complete pneumothorax without 
diaphragmatic adhesions and with very low inspiratory pressures.) 


3: Kienboeck Phenomenon: In a previous work (7), in collaboration 
with Professor Bonorino Udaondo, which he read at the Academy of 
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Medicine, September 28, 1928, we have already made a study of the 
pathogenic mechanism of the Kienboeck phenomenon, and will only say 
here that the manner in which this paradoxical movement presents 
itself is an important element in the differential diagnosis with which we 
are concerned. 

In fact, in pneumothorax with hemiplegia of the diaphragm, there is 
always the Kienboeck phenomenon with whatever pleural pressure or in 
whatever position we place the subject. 

It is very marked and, when less so, is unquestionably evident, and we 
cannot succeed in making it disappear by modifying the different kinds of 
positions of the subject nor by varying the pleural pressures. 

On the contrary, we would never find the Kienboeck phenomenon in 
pneumothorax with a normal diaphragm if the pressures at expiration 
were negative. 

If, at a certain moment, we observed the Kienboeck phenomonon 
(and, in passing, be it said that it is always of slight degree in these cases), 
we would find at that moment a positive pleural pressure at expiration, 
and making this negative is enough to cause the Kienboeck phenomenon 
to disappear. We can likewise make it disappear by simply inclining the 
subject definitely on the side of the pneumothorax or in lateral decubitus 
on this side. 

In the opposite reclining position, or inclining strongly on the opposite 
side, the Kienboeck phenomenon reappears. 


With these three elements, that is, position of the diaphragm, contour 
of the diaphragm, and paradoxical movement, we are, then, capable of 
determining whether or not there is a paralysis of the diaphragm in a 
certain pneumothorax. 

It is clear that these signs are presented in purest form in pneumothorax 
without adhesions and when the hemiplegia of the diaphragm is of 
surgical origin due to phrenicotomy. In these cases, even ignoring oper- 
ative intervention, the diagnosis is very easy and simple with the appli- 
cation of the ideas that we have just explained. 

The picture changes when an inflammatory process directly or indi- 
rectly modifies not only the form and action of the diaphragm but also 
the thickness and disposition of the pleura that covers it. 

In these cases it is difficult to be able to determine on the radioscopic 
screen what part corresponds to the muscle and what to the pleural adhe- 
sions, and in what degree these modify and hinder its action. 

Therefore, radioscopic examinations made in the standing position 
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and in a position strongly inclined toward the side of the pneumothorax 
will be of great help tous. This latter position favors the complete excur- 
sion of the diaphragm even when it is scarcély visible in vertical position. 

Thus we may show whether there is a normal contraction of the dia- 
phragm, or whether, on the contrary, there is a paradoxical movement. 

The investigation of the behavior of the diaphragm in the inclined posi- 
tion is, in our opinion, decisive even in difficult cases, in order to determine 
in the last analysis whether or not there is paralysis of the diaphragm. 


PNEUMOTHORAX 
With paralysis of the diaphragm Without paralysis of diaphragm 
1: Position of Diaphragm 
At inspiration higher than that of the At inspiration lower than that of the 
normal side. normal side. 


2: Contour of the Diaphragm 
Always clear and well outlined at ex- The contour was modified on passing 
piration as well as at inspiration. from expiration to inspiration, with 
the appearance of irregularities and 

festoonings. 


3: Kienboeck Phenomenon 


Constant, with whatever pressure Never noted when the intrapleural 
and in whatever position in which pressure at expiration is negative. 
the subject is placed. Generally When it exists, it is of slight ampli- 
of great amplitude. tude and coincides always with 

positive pressures at expiration. 
Disappears easily by modifying the 
pressure in the sense of making it 
negative, or by simply inclining the 
subject on the side of the pneumo- 
thorax. 
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THE PATHOGENIC MECHANISM OF THE KIENBOECK 
PHENOMENON! 


CARLOS BONORINO UDAONDO anp ATILIO VADONE 


In the year 1898 Kienboeck (3) published observations on a case of 
pyopneumothorax, in which he had ascertained by X-ray examination 
that the level of the fluid ascended at each inspiration while the dia- 
phragm on the opposite side descended. He noticed the same phenome- 
non in other cases the same year, and he called it paradoxical movement. 
He tried to explain it in two ways: in the first explanation he said that 
the diaphragm yielded because of the pressure of the fluid when it was 
relaxed in expiration, and was made hollow and became concave, but 
that, on the contrary, it was flattened at inspiration, because of which 
this concavity disappeared and the fluid therefore rose. 

In a second explanation he invoked the hypothesis of paralysis of the 
diaphragm, and then it was the intraibdominal pressure which, while 
increasing at inspiration because of the descent of the normal diaphragm, 
pushes upon the paralyzed diaphragm and makes it ascend. 

Jarkowsky (2), Stembo (4), Holzknecht (5), Arnsperger (6), dela Camp 
(7) and Hofbauer (9), in the years immediately following, confirmed the 
findings of Kienboeck. 

The use of the method of Forlanini, which increased the cases of 
pneumothorax, allowed the above phenomenon to be observed with 
greater frequency. The term Kienboeck phenomenon or paradoxical 
movement became generalized to include not only the inspiratory ascent 
of the fluid in pyopneumothorax and hydropneumothorax, but also, 
that balancing movement produced by the ascent of the diaphragm on 
one side while the other side lowers in turn, even when there is no fluid. 

This phenomenon is of relatively common observation in pyopneumo- 
thorax and hydropneumothorax, in simple pneumothorax and in dia- 
phragmatic hemiplegia. And in spite of its having no greater diagnostic 
or practical interest, numerous controversies have nevertheless arisen 
as to its significance. Year after year monographs appear which indicate 


1 From the University of Buenos Ayres, Argentina. 
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that an agreement has not yet been reached on the interpretation of its 
pathogenic mechanism. 

To give an idea of this disagreement, it is enough to cite the following 
words of Rist (19) in a recent publication (1925) in explaining his theory: 


This explanation which is based on pure and simple observation of facts 
which everyone can verify and which are dependent on no undemonstrable 
or absurd hypothesis seems satisfactory tomy mind. But, on the whole, I 
have no false hopes that its publication will put an end to the extraordinary 
and byzantine theoretical controversies which it has caused. 


And, in fact, he was not mistaken. In the following year (1926) the 
works of Sergent and Parodi (20), appeared, with different explanations. 

In 1927 Courtois (21), tried to interpret its pathogenicity in the light of 
new hypotheses and even this very year (1928) an extensive and docu- 
mented work by Descomps (23) appeared in the Revue de la Tuberculose. 

For that reason, we have ourselves seen fit also to participate in the 
debate. 


KIENBOECK PHENOMENON IN PNEUMOTHORAX 


Our study is based on prolonged observations on 200 cases of pulmo- 
nary tuberculosis treated with therapeutic pneumothorax. For the object 
which concerns us and which permitted us to arrive at the conclusions 
which we shall set forth, two primal elements were united and studied 
simultaneously, with the purpose of establishing their reciprocal relation- 
ship. These are 


1: The study of the pleural pressure. 
2: Radioscopic observation. 


With reference to pleural pressure, we must observe that we excluded 
the method of taking the medium pleural pressure, for the reasons that 
we gave in a previous work (24) and which would take too much time to 
detail now. 

We shall simply say here that with only the medium pleural pressure 
it would be absolutely impossible for us to arrive at any conclusion. The 
positions of the intrathoracic organs and of the diaphragm vary accord- 
ing to whether they are considered at the moment of inspiration or of 
expiration ; in each one of these stages of the respiratory cycle the evalua- 
tion of the intrapleural pressure has an unquestionable importance (1). 

In our opinion, a certain position of the intrathoracic viscera and the 
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diaphragm corresponds to each gradation of intrapleural pressure. The 
variations of the pressure with the respiratory movements are not, then, 
mere maximum and minimum manometric oscillations; they are the 
index of the value of the forces which, at a given moment, influence the 
reciprocal dependence between the thoracic walls (diaphragm under- 
stood) and the intrathoracic organs. For this reason we have at- 
tempted to take the pleural pressure as exactly as possible at inspiration 
as well as at expiration. 

Inasmuch as this is related to the radioscopic observation, we have 
tried to make it as complete as possible, in the following manner: 

In the first place, the examination was made before and after the 
insufflation of air, and each observation referring to the pressures was 
taken at exactly that moment. We could thus observe how the dis- 
placements of the mediastinum and the alterations in the motion and 
form of the diaphragm had a direct relationship to the pleural pressure 
following the variations in value of the latter. 

In order to study more closely the changes of form and position of the 
diaphragm, mediastinum and thoracic walls, we obtained tracings of the 
tadioscopic image which we then studied comparatively and always in 
relation to the corresponding pleural pressures. 

We were not satisfied with observations in the standing position only, 
but we also studied the influence that changes of position could exercise 
on the thoracic organs and walls, and, above all, on the diaphragm. 

In the first place, the patient was strongly inclined laterally on the 
side of the pneumothorax and then on the opposite side. Later we saw 
how the diaphragm acted in these inclined positions. 

Another method of observation which we considered very illustrative 
was to place the subject on a cot in lateral decubitus on the side of the 
pneumothorax and then on the opposite side and make the antero- 
posterior observation; these different reclining positions caused great 
modifications in the position of the diaphragm and its behavior. 

But the point which we wish to call especially to the attention, because 
we consider it of greatest importance and richest in information, is the 
tadioscopic observation made exactly at the moment when the pneumo- 
thorax operation was being performed. The subject was placed on a cot, 
under the screen, and, with the needle in the pleural cavity, we injected 
and extracted air, and visually followed the modifications which occurred 
in the thoracic cavity, modifications which we could cause to disappear 
and reappear at will at this time. The manometer indicated to us the 
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state of the intrapleural pressure at any time, so that we had all the 
necessary elements with which to explain with all accuracy and no 
chance of error the phenomena occurring before our eyes. 

Finally, we may add that, as a valuable complement for our study, we 
practised phrenicotomy on various patients with pneumothorax, studied 
radioscopically and manometrically as we have just explained. Thus 
we had a group of simple pneumothorax cases besides another group of 
pneumothorax cases with unquestionable paralysis of the diaphragm. 
The comparative study of both groups was of the greatest interest. In 
the light of all this evidence, we continued to analyze, one by one, the 
different explanations given for the phenomenon of Kienboeck, proving 
the degree of truth or inconsistency of each one. 

Rejecting in this way the interpretations which we believed erroneous, 
we succeeded in forming a personal idea of the Kienboeck phenomenon 
which we considered exact, since it did not rest on theoretical explana- 
tions nor liberal interpretations, as Rist said, but on facts perfectly 
observed and rigorously controlled. 

Let us proceed to analyze further the bases on which rest the explana- 
tions given by different authors, namely: 


1: Paralysis, paresis or hypotonia of the diaphragm in pneumothorax. 
2: Action of intraibdominal pressure. 

3: Suppression of the respiratory function of the lung. 

4: Elongating the insertions of the diaphragm. 


PARALYSIS OF THE DIAPHRAGM IN PNEUMOTHORAX 


Kienboeck himself, in his second interpretation, admitted, as a neces- 
sary condition for the production of the paradoxical movement in the 
subject observed, that the diaphragm be paralyzed and inert and at the 
mercy of the abdominal pressure, which, on increasing at inspiration, 
provokes its ascent. Arnsperger (6), de la Camp (7), von Muralt (13), 
Denecke (10), Beclere (14), Sergent (16), Parodi (20), and others all 
maintained that the appearance of the Kienboeck phenomenon in 
pneumothorax was due to concomitant paralysis or paresis of the dia- 
phragm, invoking in this respect Stokes’s law. 

Wellmann (12), Hofbauer (9), Rist (19), Courtois (18), Descomps (23) 
and others, on the contrary, do not admit the necessity or presence of 
this diaphragmatic paralysis. 

It is essential, therefore, to establish definitely and on a firm basis 
whether or not there is paralysis of the diaphragm in pneumothorax. 
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For this purpose, we availed ourselves of the following demonstration: 

In many of our patients, we performed a phrenicotomy on the same 
side as the pneumothorax, in order to obtain a paralysis of the diaphragm 
that was beyond the shadow of a doubt and to a certain extent ex- 
perimental. 

Then, in all of these, the radioscopic or radiographic image obtained 
after the phrenicotomy differed from that obtained before the operation. 
If it had been true that there was paralysis of the diaphragm from a 
pneumothorax alone, the image would have had no reason for being: 
changed. Nevertheless, before the phrenicotomy it appeared flattened 
and lowered on the screen or on the film, while after the operation, with 
no modification of the pleural pressure, it appeared convex and slightly 
raised. Before the operation, if the intrapleural pressure at expiration 
was not positive, the Kienboeck phenomenon was not evident; on the 
other hand, after the operation, with any intrapleural pressure whatever, 
the Kienboeck phenomenon always occurred very clearly and to an 
extent never seen in simple pneumothorax. 

In the radiographs taken at inspiration and expiration when there was 
a phrenicotomy, the contour of the diaphragm always appeared the same 
(see radiographs 1 to 6). 

On the other hand, appreciable differences were observed in radio- 
graphs taken before the operation; at expiration the contour of the 
diaphragm seemed more or less flattened but with clear-cut outlines, 
while at inspiration the contour was modified not only by greater flatten- 
ing, but also. by loss of clearness of its outlines, with irregularities cor- 
responding to the contraction of its muscular fibres (see radiographs 
7 to 12). 

That the injection of air into the pleural cavity by itself alone is not 
sufficient to cause paralysis of the diaphragm cannot be demonstrated 
more clearly than by the association of phrenicotomy and pneumo- 
thorax; the invocation of Stokes’s law under these circumstances is com- 
pletely out of place. ) 

But, without the necessity of resorting to surgical means, it is very 
easy to arrive at the same conclusion. It is enough simply to perform 
the insufflation under the control of the radioscopic screen. Then we 
should see that if the diaphragm appears convex, and with ample in- 
spiratory movements, at the beginning of the insufflation when, for 
example, the intrapleural pressure at expiration was minus 8 or minus 7, 
at the end, after 800 or more cc. and when the pressure at expiration has 
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reached minus one or about zero, the diaphragm appears flattened and 
almost immobile, and if we reach positive pressures of plus 3 or plus 4 
we can even observe an inverted movement. Nevertheless, we ought not 
to attribute these modifications of the diaphragm to its hypotonia or 
sudden paralysis. It is enough, in fact, to follow the radioscopicobserva- 
tion, and, instead of injecting air, to extract 800 cc. or more, and see that 
the intrapleural pressure at expiration returns again to minus 7 or minus 
8, so that the diaphragm rises to its original position, and appears convex 
and with ample inspiratory movements. It is contrary to the most 
elementary logic to assert that, within the few seconds elapsing during 
the insufflation or extraction of the air, the diaphragm passes from its 
normal state to that of paralysis and again returns to its normal state. 
We can affirm, on the contrary, that there has been no biological altera- 
tion in the muscle, but only modifications of a mechanical order produced 
by the insufflation. 

As we have said on another occasion (26), the elastic force of the lung 
keeps the diaphragm convex and raised during expiration (which is 
when the muscle is relaxed). 

Pneumothorax diminishes and even annuls the action of this elastic 
force, as we can demonstrate perfectly by measuring intrapleural pres- 
sure at expiration. When we say that there is a negative pressure of 
minus 8, we signify that the action of the elasticity of the lung is capable 
of aspirating, elevating, and sustaining a column of water of 8 cm. in 
height; that same force raises the diaphragm to a certain level in the 
thorax at expiration, the moment of its muscular relaxation. When, on 
the contrary, the pressure at expiration is zero, there is, then, no force 
which raises the diaphragm, and the latter therefore seems motionless. 

There is a certain antagonistic relationship between the elasticity of 
the lung and the fonus of the diaphragm that is exactly like the antago- 
nism between the fonus of a system of flexor muscles and the tonus of 
the corresponding extensor muscles. 

As that antagonistic force (elastic force of the lung), which, as we have 
said, keeps the diaphragm distended upward, gradually ceases to act, 
this muscle recovers its position of rest by its own tonus. The same thing 
happens, for example, when one annuls the action of the extensors in 
the arm; we see them flex just because the flexors which were distended 
before, now adopt their position of rest by their own tonus, a position 
which they could not reach before because the contrary tonic action of 
the extensors prevented it. 
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We believe it advisable to add that in displacements of the diaphragm 
the abdominal pressure is not influential, or, at least, its action in normal 
conditions (tranquil respiration) is completely secondary. In fact, the 
diaphragm is high and convex in an animal whose abdomen has been 
opened, just as in laparotomies in man. On the other hand, as we have 
already said, one may see under the radioscopic screen that the changes 
of position and form of the diaphragm are simultaneous with the changes 
of intrapleural pressure, with not the least modification of the intra- 
abdominal pressure in the course of the observation. Then, we ought to 
attribute the concomitant modifications of form and position of the 
diaphragm to the aforesaid variable factor (intrapleural pressure). 
Having thus established definitely that in pneumothorax there is no 
paralysis of the diaphragm, we must flatly reject all those theories (and 
they are the most numerous) which, in order to explain the Kienboeck 
phenomenon, attribute hypotonia and paralysis to the diaphragm, an 
hypothesis which is not correct, as we have just shown. 


THE IMAGE OF THE DIAPHRAGM BY X-RAY 


The error into which many of those have fallen, who, observing on the 
radioscopic screen the immobility or fall of the diaphragm in pneumo- 
thorax, believed that because of that sole fact the muscles must be 
paralyzed, should put us on guard not to interpret pertinent radioscopic 
images too lightly. 

We must observe that what is seen by X-ray and what we believe 
corresponds to the radioscopic image of the diaphragm does not always 
really represent the contour of this muscle. We must not forget that the 
upper surface of the diaphragm is covered by the pleural wall, and that, 
very frequently, the thickening of this layer and the adhesions of the 
angles of the pleural sac disfigure and alter the image of the region. 

Thus we believe that the criticism that Rist made of those who have 
described the image as concave above the diaphragm, agreeing with 
Kienboeck in his first explanation, is just in a certain way, if the inter- 
pretation of what is observed is not correct. This concave image, the 
great majority of times, not to say always, corresponds to the adherences 
of the costaldiaphragmatic angles, so that in reality the image of the 
muscle is not shown, but, instead, that of the pleural sac modified by 
adherent inflammatory processes or retractile sclerosis which have com- 
pletely disfigured its normal aspect. 

We believe that this is the correct way of interpreting these images 
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which are at times observed in some cases of pneumothorax, but which 
are found with greater frequency in hydropneumothorax and pyopneumo- 
thorax when the observation is made in dorsal decubitus as Sergent has 
very well pointed out: the fluid extends, then, into the costovertebral 
canal and leaves the region of the diaphragm visible. But we again 
insist: it is difficult to determine for sure whether it is really the muscle 
which is made concave by yielding to intrapleural pressure, or whether, 
and we agree with this interpretation, it is simply an image of the outline 
of the pleural sac modified by the adherence of its angles. On our part, 
we are not satisfied with a radioscopic examination alone, which may 
deceive us by showing us a very ample pneumothorax, but we add the 
criterion of pleural pressure. In fact, normally in a completely free 
pleura one only obtains positive expiratory pressures by very copious 
inflations, and even before what seem to be positive pressures we shall 
see great deviations of the mediastinum accompanied by wrongly-called 
mediastinal hernias of the angles of the anterior and posterior pleural 
sacs. The capacity of the normal pleura is very great, and the insuffla- 
tion not only causes the lung to retract because of its elasticity but also 
permits the displacement of the pleural fold and favors the collapse of 
the lung on the opposite side; only very slowly and after the injection 
of very great quantities of air does the pressure appear positive at expira- 
tion. On the other hand, when the costal angles of the diaphragm or the 
portions of the base of the anterior or posterior pleural sac are adherent, 
the capacity of the pleural cavity is diminished. And, although it 
appears very ample on the radioscopic screen, we nevertheless gain the 
idea of its having reached the limit of its capacity if the pressures easily 
become positive and ascend very rapidly. 

Let us insist that there is always real utility in associating the study of 
pleural pressures with radioscopic examination. The two methods are 
complementary, and facilitate our exact appreciation of the facts which 
we observe. 

In our experience we have tried to select especially those cases in which 
everything indicated to us that the pleura was completely free from 
adhesions, in this way trying to simplify the problem studied as much as 
possible. 

Having discarded the deceptive images given by peripheral adhesions 
of the pleural cavity, we must admit, nevertheless, that the positive 
pleural pressures can evidently push on the diaphragm in a certain 
manner and at those points in which this displacement is possible. 
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We admit that when the elastic force of the lung has disappeared, that 
is to say, when the intrapleural pressure is at zero, the diaphragm adopts 
a position of rest. But if this pressure is positive, for example, plus 3 
or plus 4 or plus 6 or even greater, we must admit that then it pushes the 
diaphragm away from its position of rest, a fact which we confirm by 
roentgenoscopic examination. There is no necessity that the muscle 
appear hollow, as Rist rightly made evident; it is enough simply that its 
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Fic. 1. L. P. Pneumothorax and phrenicotomy of the right side. Expiration. Standing 
position. Observe the distance from the diaphragm to the arrow. Great deviation of the 
mediastinum to the left side. 

Fic. 2. The same subject as in fig.1. Inspiration. Standing position. The paralyzed 
diaphragm has ascended (Kienboeck phenomenon at inspiration), while the left diaphragm 
has descended. See how the diaphragm has hidden the arrow. The mediastinum has re- 
turned to the median line and the collapsed lung has been distended in part. 


insertions or regions susceptible of being displaced descend, above all, 
at the level of the phrenic centre; and it is precisely at the level of this 
region that we see the Kienboeck phenomenon more clearly. 

When at expiration the pleural pressure, for example, is plus 4, the 
phrenic centre and a more or less extended part of the diaphragm, instead 
of ascending, has receded downward, it will return to its initial position 
when the intrapleural pressure yields and passes at inspiration from plus 
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4 to zero or to negative values. But at that moment the muscle con- 
tracts, and the ascent which had been initiated at the beginning of the 
inspiration remains exactly at the point which corresponds to the 
position of the muscle in inspiratory contraction. In reality, therefore, 


Fic. 3. The same subject, L. P., with pneumothorax and diaphragmatic paralysis of the 
right side. This radiograph was taken in right decubitus and at expiration. 

Fic. 4. Taken in the same position as fig. 3, but at inspiration. Note how the paralyzed 
diaphragm has ascended (the Kienboeck phenomenon, which is presented in the standing 
position, persists, even when the patient is placed lying on the side of the pneumothorax). 


it is not exactly that the muscle ascends at inspiration, but that it 
descends at expiration upon relaxing and being pushed upon by the 
pleural pressure which at that moment has become positive. If, on the 
other hand, it were negative (minus 3 or minus 4) this would cause an 
aspiration, an ascent of the diaphragm. This is not merely theoretical; 
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it may be seen and followed perfectly when, as we have said above, we 
practise pneumothorax behind the radioscopic screen. 

Even in the cases in which there is an apparent inspiratory ascent of 
the diaphragm, this is contracted at that exact instant. Wellmann (12) 


Fic. 5. The same subject as before, but lying on the side opposite the pneumothorax 


Radiograph at expiration. 
Fic. 6. In the same position as fig. 5, but at inspiration. Note that the diaphragm of the 


pneumothorax side has ascended (Kienboeck phenomenon), while the other diaphragm has 
descended. With these six radiographs we show that when there is paralysis of the diaphragm 
the Kienboeck phenomenon always exists in whatever reclining position we may place the 
patient. 


had already suspected this fact, and had undertaken to demonstrate it 
by registering electric currents produced by diaphragmatic contraction, 
as the simple X-ray did not permit him to perceive the passage of the 
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muscular fibres from the state of relaxation to that of contraction, when 
the diaphragm has this inverted movement in pneumothorax. 

Nevertheless, in the accompanying X-rays (figures 7, 8, 9, 10, 11 and 
12) we see that in spite of the fact that the diaphragm has apparently 
kept the same position in inspiration and expiration, its contour has been 
modified: at inspiration (figures 8, 10 and 12) there are irregularities, 
festoonings which must undoubtedly be related to the contraction of the 
muscular fibres. And this is still further corroborated if we remember 
what we have said before, that, in pneumothorax with diaphragmatic 
paralysis because of phrenicotomy, the contour of the diaphragm remains 
the same in radiographs taken at inspiration as well as at expiration 
(figures 1 to 6), only there is displacement of the muscle. 


INTRAABDOMINAL PRESSURE 


We proceed to study now the action of abdominal pressure in the 
Kienboeck phenomenon. 

For most writers the increase of the intraibdominal pressure caused 
by contraction of the normal diaphragm is the factor which makes the par- 
alyzed diaphragm ascend at inspiration. This explanation has been 


widely accepted in cases of paralysis of the diaphragm, for it seems very 
probable at first sight. This is at superficial examination, but we will 
push our analysis further. 

In the first place, in simple pneumothorax without diaphragmatic 
paralysis, but with the Kienboeck phenomenon, the abdominal pressure 
is completely dissociated from the production of this phenomenon. The 
demonstration is categorical and we have already referred to it: it 
consists of placing the patient under the screen; by injecting or extracting 
air we produce the appearance of the Kienboeck phenomenon or not, at 
will; we do not modify the intraibdominal pressure in the least; the 
only factor which we alter is that of intrapleural pressure; hence the 
phenomenon should be in relation to the latter and not the former. 
It is also interesting to observe in these cases what happens in various 
reclining positions (we are referring at this time to subjects with simple 
pneumothorax without paralysis of the diaphragm, but who present a 
balancing movement on being examined in the standing position). 
It is enough to place them in lateral decubitus on the side of the pneu- 
mothorax, in order that the Kienboeck phenomenon disappear and be 
replaced by normal contractions of the diaphragm. (Figures 9 and 10.) 
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But the most curious thing is that, if we place him in decubitus on the 
opposite side, the balancing movement again appears (figures 11 and 12). 
Evidently the abdominal pressure has no influence on these changes in 
he reclining position. We recall that Wellmann has practised pneu- 
mothorax experimentally in rabbits, and by opening the abdomen has 
been able to observe directly the paradoxical movement of the diaphragm, 
liscarding in that way the intervention which might be attributed to 


Fic. 7 Fic. 8 


Fic. 7. J. ZL. Pneumothorax without paralysis of the diaphragm. Standing position. 
Expiration. Note the diaphragm on the side of the pneumothorax is very much lowered, 
slightly flattened and with even contours. 

Fic. 8. J. L. Pneumothorax without paralysis of the diaphragm. Standing position. 
Inspiration. Note the diaphragm of the side of the pneumothorax: festooned contour; 
ascended with relation to the position which it had in fig. 7. Kienboeck phenomenon posi- 
tive, although slight. 


abdominal pressure in the production of the phenomenon. We could 
likewise apply the foregoing arguments to cases of pneumothorax with 
paralysis of the diaphragm because of phrenicotomy, but as the Kien- 
boeck phenomenon was always present, with whatever pressure in what- 
ever position, we employ the following procedure: We observe the subject 
radioscopically and, at the moment of apnoea, we provoke an increase of 
abdominal pressure by sinking the fist in the abdomen. The diaphragm 
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does not move. Only if we cause an exaggerated pressure do we get a 
certain ascent of the diaphragm, but nothing comparable to the inspira- 
tory ascent of Kienboeck. 


Fic.9, J, ZL. Pneumothorax without diaphragmatic paralysis. Reclining position on the 
side of the pneumothorax. Expiration. Note the distance of the diaphragm from the 
arrows. 

Fic. 10. J. Z. Pneumothorax without paralysis of the diaphragm. Reclining position 
on the side of the pneumothorax. Inspiration. Note how the distance from the diaphragm 
to the arrows is greater in this radiograph than in the former, which shows that there is no 
Kienboeck phenomenon in this position, while a moment before, in the standing position, 
the phenomenon was positive. 


We arrive at the same conclusion from the observation of subject 
M. L., who immediately before phrenicotomy had minus 2 for pleural 
pressure at expiration and minus 6 at inspiration; his diaphragm did not 
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resent the balancing movement at that time, but only normal con- 
-actions, although with a somewhat reduced excursion for such pressures. 
nmediately after the operation we again took the pleural pressures, 
ad found that they had not varied (minus 2 at expiration and minus 
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Fic. 11. J. L. Pneumothorax without paralysis of the diaphragm. Reclining position 
on the side opposite the pheumothorax. Expiration. 

Fic. 12. J. L. Pneumothorax without paralysis of the diaphragm. Reclining position 
on the side opposite the pneumothorax. Inspiration. The diaphragm has ascended with 
respect to the previous radiograph. There is a positive Kienboeck phenomenon, although 
: ight in this decubitus. 


at inspiration). Nevertheless, at X-ray examination (figure 14) the 
‘iaphragm had all the signs of paralysis: to wit, a convex form, a de- 
‘neated contour and a very manifest Kienboeck. Evidently, if this had 
een produced by the inspiratory increase of abdominal pressure, this 
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pressure, on being transmitted to the pleural cavity across the inert 
membrane constituted by the paralyzed diaphragm, would have neutral- 
ized in whole or in part the negative pressure existing in the pneumo- 
thorax cavity. This, we see, does not take place, since the pleural pres- 
sures have remained equal. We have been able to prove this fact in all 
the cases in which we have taken the pleural pressure immediately 
before and after phrenicotomy. 


rie. 13 Fic. 14 


Fic. 13. Before phrenicotomy. Note the displacement of the mediastinum and the posi- 
tion and form of the diaphragm. 

Fic. 14. After phrenicotomy. Note that the mediastinum has been displaced even more 
and that the diaphragm has become more convex. 


In short, the intraibdominal pressure in simple pneumothorax is 
completely detached from the Kienboeck phenomenon. In pneumo- 
thorax with paralysis of the diaphragm, the intraibdominal pressure is 
not the predominating factor of the inspiratory rise of the paralyzed 
muscle, but simply a secondary and accidental factor, when, for reasons 
easily determined, there is a marked excess of pressure within the ab- 
dominal cavity. 
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‘ ABSENCE OF THE RESPIRATORY FUNCTION OF THE LUNG 


Bittorf (11), Wellmann (12), Barjon (15), and others affirm that in 
pneumothorax the respiratory function of the lung is suppressed. Ac- 
cording to them, the lung does not follow the enlargement of the thoracic 
cavity at inspiration because of its being collapsed. This would produce 
an imbalance of the pressures, for which the diaphragm must compensate 
by rising in the thorax. To confirm this theory Bittorf conceived the 
device which bears his name, and which consists of effecting a movement 
of forced inspiration with the mouth and nose closed. Under these 
conditions in a normal subject a slight rise of both hemidiaphragms is 
observed. On the other hand, when there is hemiplegia of the dia- 
phragm, only the paralyzed half of the diaphragm ascends, while the 
other half contracts normally. 

Nevertheless, we cannot apply these ideas to our cases, since in them 
there is no obstacle to the entrance of air at inspiration: the pneumo- 
thorax does not suppress the respiratory function of the lung. 

We have recently shown in experimental form (24) that the collapsed 
lung respires even with positive pressures, and that the volumes of air 
which enter and leave the alveoli under these conditions can be easily 
measured (27). On the other hand, the inspiratory dilatation of the 
pulmonic stump is generally visible on the fluoroscopic screen. 

The negative pressure of the pleura at inspiration is caused by the 
inspiratory dilatation of the thoracic cavity; the lung even in collapse 
follows this amplifying movement with greater or less rapidity according 
to its elasticity. (Compare the lung at expiration in figures 1, 3, 5, 
7, 9, 11, with it at inspiration in figures 2, 4, 6, 8, 10 and 12.) 


ELONGATION OF THE INSERTIONS OF THE DIAPHRAGM 


For Descomps (23) the elongation of the points of insertion of the 
diaphragm are of the greatest importance. According to him, this 
factor was the cause of the flattening of the muscle in pneumothorax. 
This elongation is due partly to the fact that the costal insertions are 
generally carried outward by the dilatation of the base of the thorax, 
and especially to the displacement of the central insertions by the 
deviation of the mediastinum toward the normal side. Since at inspira- 
tion the mediastinum is carried toward the side of the pneumothorax, 
the movement offers the diaphragm a slight relaxation to its distention 
and permits it to yield to abdominal pressure. Wellmann also makes 
use of this mechanism. 
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It is evident, then, that there is a certain elongation of the peints of 
insertion of the diaphragm especially by displacement of the mediasti- 
num, but it is wrong to believe that the flattening of the muscle is due 
to this elongation. Just a comparative glance at the radiographs of 
M. L. before (figure 13) and after (figure 14) phrenicotomy is enough to 
show that the mediastinum is more displaced in the latter and that the 
diaphragm, far from being flattened, appears quite convex. We have 
already given the reasons for these changes of form (26). 

We wish to make it clear that the Kienboeck phenomenon has no 
direct relationship to the pendular movement of the mediastinum, as 
analysis of table 1 shows, in which we can prove that, in spite of great 
displacements of the mediastinum or its extensive pendular movements, 
the Kienboeck phenomenon never exists if the pressure at expiration 
is negative. 


OUR OBSERVATIONS 


Having analyzed the principal interpretations and demonstrated the 
false bases on which they rest, let us proceed to the study of our obser- 


vations. 
We will divide these into two categories: 


1: Pneumothorax with paralysis of the diaphragm due to phrenicotomy. 
2: Simple pneumothorax without paralysis of the diaphragm. 


In cases of the first class (table 1) we always observe the Kienboeck 
phenomenon with whatever intrapleural pressure and in whatever posi- 
tion we place the subject. 

In those of the second class (table 2) the phenomenonoccursin a certain 
and fixed number of cases. 

Analyzing table 2, we draw the following conclusions: 

The Kienboeck phenomenon is never present in simple pneumothorax 
when the pressure is negative at expiration. On the contrary, in all 
cases in which we observe it we always find positive pressures at expira- 
tion. This balancing movement is always slight and is modified by 
different positions. In decubitus on the side of the pneumothorax or in 
a subject who is standing but strongly inclined to that side, the Kienboeck 
phenomenon generally disappears and is replaced by more or less ample 
inspiratory contractions of the diaphragm. In the opposite decubitus 
or in the standing position inclined in the opposite way, reappearance 
of the paradoxical movement is, on the other hand, favored. 


TABLE 1 
Cases of pneumothorax with paralysis of the diaphragm due to phrenicotomy. Kienboeck’s 

phenomenon. Manometric and radioscopic observation made after 
insufflation, August 22, 1928 


NAME 
5 
A. P. R 
L 
L 
S. F. R 
RY. R 


PRESSURES STANDING INCLINED TO INCLINED TO Pa} = 
IN POSITION RIGHT SIDE LEFT SIDE < = 
|28|2 | a 
sis| os | Ss] af | 
82 | 38] 82 | 32] & 
—1} + | + 
—2| —6 +++ +++/+4++ 
—1} —6 ++ ++ + | + 
+6 —4| ++ ++] + | ++ 
++ ++} +] + 


R: right; L: left. 
The number of pluses indicates the amplitude of the movement. 


Note: We present the radioscopic observation corresponding to the manometric measure- 
As both vary from one day to another, we could multiply 
the number of our observations infinitely; we present, however, those corresponding to a 
single day for the sake of briefness and because we consider them sufficiently demonstrative. 


ment made at the same moment. 


TABLE 2 


Cases of simple pneumothoras without paralysis of the diaphragm, with Kienboeck phenomenon 


corresponding to radioscopic observations made after insufflation, August 22, 1928 


NAME 
R 
L. R 
R 
E.M.} R 
E. V. L 
L. 
As L 
L 
L 
A.D. | 


PRESSURES STANDING INCLINED TO INCLINED TO 
IN POSITION RIGHT SIDE LEFT SIDE 3 s 8 
| 26/28 | 28/8 gz | 
3/3 3 a2 a2 i868 
| 22] 22 | 23 | | | 
a < 
+4 —1) ++ +++] + 
+3) —2) ++ +++) ++ + + 
+1; —4 ++ ++ / ++ + + 
+4) ++ ++), ++ ++ | ++ 
+3) —5} ++ ++ ++] ++] + 
+12) +5) ++ ++ ++ |+++] + + 
+3) —2) ++ ++ ++/++] + 
+11) +5) ++ ++ ++] + + | ++ 
+3) —3} ++ ++ ++ | ++ | ++ 
+2) —3) ++ ++ | ++ + + 


R: right; L: left. 
The number of pluses indicates the amplitude of the movement. 
Note: We omit in this table the large pneumothorax series with negative pressure at ex- 


piration, in which the Kienboeck phenomenon was never observed with these pressures. 
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DraGRAM 1 


To demonstrate that the Kienboeck phenomenon is constant when there is diaphragmatic 
paralysis. It can be observed when the individual is X-rayed in the standing position (a), 
in decubitus on the pneumothorax side (b), and in decubitus on the opposite side (c). 

Continuous line: Expiration. 

Doited line: Inspiration. 


(b) 


DIAGRAM 2 


To demonstrate the changes of the Kienboeck phenomenon with the different decubitus, 
when there is no diaphragmatic paralysis. 

(a) Standing position, positive Kienboeck phenomenon. 

(b) In decubitus on the pneumothorax side; the Kienboeck phenomenon has disappeared. 

(c) In decubitus on the opposite side of the pneumothorax; the Kienboeck phenomenon 
has again appeared. 

Continuous line: Expiration. 

Dotted line: Inspiration. 
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The Kienboeck phenomenon does not appear in all cases with positive 
pleural pressure at expiration. This may be because the lung remains 
more or less adherent to the diaphragm, or because the positive pressures 
had not yet sufficiently displaced it at expiration to place it below the 
position which it should occupy at inspiration. 


PATHOGENICITY OF THE KIENBOECK PHENOMENON 


In each one of the categories to which we have referred before, the 
Kienboeck phenomenon follows a different pathogenic course. 


In Paralysis of the Diaphragm 


When there is pneumothorax with paralysis of the diaphragm due to 
phrenicotomy, the diaphragm follows the fluctuations of pleural pressure 
passively. 

The same force which causes the ascent of the column of water in the 
tube of the manometer in communication with the cavity of the pneu- 
mothorax makes the diaphragm, transformed by paralysis into an inert 
membrane, ascend in its turn. Under the radioscopic screen we can 
continue to mark the successive positions of the diaphragm when the 
pressures at expiration pass from minus 5 to minus 8 for example. A 
certain position of the diaphragm corresponds to each pressure. As 
these pressures have respiratory oscillations, the diaphragm follows 
those oscillations, ascending each time that there is a stronger negative 
pressure. 

If we succeed in withdrawing the air completely, we have transformed 
our case into a simple diaphragmatic hemiplegia without pneumothorax. 
The diaphragm will retain the Kienboeck phenomenon but this will be 
less visible for the following reasons: (1) the paralyzed muscle, on 
ascending, has become distended and may have reached its maximum 
capacity of distention; and (2) the lung has retracted, satisfying its 
elasticity, and can only be distended by the enlargement of the costal 
wall, but this amplifying movement is less in the upper part of the 
thorax than in the lower part. 

This is why the balancing movement at times cannot be seen in cases 
of diaphragmatic hemiplegia without pneumothorax or its existence 
may be doubtful because of the slight extent of the movement. 
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In Pneumothorax 


In pneumothorax without paralysis of the diaphragm the phenomenon 
has another pathogenicity. 

In the course of our study we have already referred to its mechanism 
and have studied the factors which contribute to its production. As 
we have indicated above, the inspiratory ascent of the diaphragm is only 
apparent. The basis of the phenomenon is in the descent of the dia- 
phragm at expiration. At this instant, on finding itself relaxed, it is 
repelled by the positive pressure existing in the cavity of the pneumo- 
thorax in that phase of the respiratory cycle. When it contracts at 
inspiration, it rises to adopt its corresponding position, the tension of the 
air which is on its upper surface having partly diminished. 


In Pyopneumothorax and Hydropneumothorax 


The pathogenicity of the inspiratory ascent of the level of the fluid in 
hydropneumothorax and pyopneumothorax rests on the foregoing 
reasons, according to whether there is paralysis of the diaphragm or not 
and according to the pleural pressures. But here we should also add 
another factor, which is the inspiratory displacement of the mediastinum. 


This causes the transverse diameter of the cavity of pneumothorax to 
be reduced in a certain measure at each inspiration, causing the fluid to 
ascend. 


We are especially grateful for the collaboration of the radiologist, Dr. Maissa, who, with 
his characteristic kindness, has helped us to obtain the radiographs which illustrate the 
present work. 
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A POINT TO BE OBSERVED IN THE INDUCTION OF 
BILATERAL ARTIFICIAL PNEUMOTHORAX 


T. G. HEATON! 


Following the induction of bilateral artificial pneumothorax, the case 
here reported presented symptoms which resembled strongly those of 
spontaneous pneumothorax supervening upon an artificial pneumothorax 
on the one side. Subsequent investigations showed that the patient’s 
symptoms were due rather to a marked difference between the negative 
pressures in the pleural cavity on the two sides of the chest, with resulting 
displacement of the heart and the production of the symptoms noted. 
Equalization of the pressures on the two sides of the chest by introduction 
of air into the side which showed the greater negative pressure resulted 
in the immediate alleviation of the patient’s symptoms. 


Case Report 


A man, 39 years of age, with extensive disease in the right lung and numerous 
areas of cavitation in the right upper lobe, was admitted to the Mountain 
Sanatorium, Hamilton, Ontario, on January 12,1929. Between January and 
June, 1929, disease extended to the left lung, and in June, 1929, a small 
focus of recent infection was shown by the X-ray near the base of the left 
lung. During this period the patient’s temperature remained continuously 
elevated and in the last month showed a tendency to rise rather than fall. In 
the month prior to the induction of bilateral pneumothorax it ranged between 
101° and 99°, 

Accordingly on June 18, 1929, a bilateral pneumothorax was instituted. 
A free pleural space was found without difficulty; the initia] manometer read- 
ings on the right side were minus 50 to minus 40; 250 cc. of air were introduced 
and the final readings were minus 35 to minus 25. On the left side the initial 
manometer readings were minus 30 to minus 20; 250 cc. of air were introduced 
on this side also, and the final manometer readings were minus 30 to minus 15. 

The patient experienced no symptoms immediately following the bilateral 
pneumothorax, but on his return to the ward he had pain of sudden onset 
felt at the side of the left chest and shifting toward the right beneath the ster- 


1The Mountain Sanatorium, Hamilton, Ontario. 
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num. Following this pain he gradually developed shortness of breath which 
forced him to spend the night in a sitting posture and prevented him from sleep- 
ing for more than two or three hours. He was fluoroscoped on the following 
day, when the heart was found displaced definitely toward the right. The 
lung borders were not distinctly identified. The dyspnoea had somewhat 
lessened, but the pain was still present beneath the sternum. No surgical 
emphysema was found, the breath-sounds were much more suppressed on the 
left than on the right, and the heart-sounds were heard very faintly. 

On account of the pain in his left side, the displacement of his heart, and his 
shortness of breath on the evening following his pneumothorax, it was felt that 
the patient had developed spontaneous pneumothorax on his left side. How- 
ever, when a needle was inserted into the pleural space on the left side, manom- 
eter readings of minus 35 to minus 25 were found. No air was put in on this 
side. The needle was then inserted into the right pleural cavity, where the 
initial readings were minus 55 to minus 30. Two hundred cubic centimetres 
of gas were then introduced and the final readings were minus 40 to minus 25. 
This approximately equalized the negative pressures on the two sides of the 


chest. 
Almost immediately following the introduction of this air, the patient 


experienced almost complete relief of his dyspnoea. Within a few hours he 
was no longer short of breath and he suffered no more pain. The heart was 
found to have returned to its previous position. 


DISCUSSION 


This patient showed widespread disease of long standing in the right 
lung, and a localized area of recent disease in the left. It is thought that 
the extensive scarring of the right lung determined a higher negative 
pressure in the right pleural cavity than in the left. The introduction of 
an equal quantity of air in this case into both pleural cavities did not 
sufficiently equalize the pressures in the pleural cavities, with the result 
that the heart was drawn to the more-diseased side on which the nega- 
tive pressure was greater. This displacement of the heart was followed 
by pain and shortness of breath, suggestive of spontaneous pneumo- 
thorax. When the pressures were equalized by the introduction of air, 
the patient’s symptoms were almost immediately relieved. 


CONCLUSION 


1. Symptoms suggestive of spontaneous pneumothorax may develop 
following the induction of bilateral artificial pneumothorax. 
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2. These symptoms may be produced by displacement of the heart 
due to a difference between the negative pressures in the two pleural 
spaces, provided the mediastinum is movable. 

3. In cases in which the mediastinum is movable, it is important to 
regulate the quantity of air injected into the two pleural spaces, so that 
the pressures on the two sides are equalized. 


BILATERAL ARTIFICIAL PNEUMOTHORAX COMPLI- 
CATED BY SPONTANEOUS PNEUMOTHORAX! 


M. POLLAK 


Bilateral artificial pneumothorax is only slowly taking the place it 
deserves in our therapeutic armamentarium. The thought that by 
bilateral pneumothorax one may enhance the severity of untoward com- 
plications that occasionally follow collapse therapy, and so jeopardize 
the life of the patient, holds back many a phthisiotherapist from applying 
this rather heroic measure in cases in which it seems to be clearly indi- 
cated. Yet, experience may show that these dreaded complications may 
be kept as well under our control in the case of bilateral compression as 
they are in the case of unilateral collapse of the lung. 

Spontaneous pneumothorax, occurring more frequently in the course 
of collapse than of purely medical therapy, is one of the dreaded complica- 
tions of artificial-pneumothorax treatment. As may be seen, however, 
from the following case history, it is not necessarily connected with more 
severe consequences in bilateral than in unilateral cases. 

It is obvious that one cannot draw general conclusions from a single 
case. Published observations in the field of bilateral-collapse therapy, 
however, are as yet rather scanty. And so even a single case may 
contribute to the clearing of some angle of this many-sided thera- 
peutic problem. 


Case Report 


D. R., 28 years old, single, male, salesman, was admitted to the Sanatorium on 
November 13, 1924, complaining of cough, expectoration, and pain in the 
chest. 

His family and past histories were essentially negative. | 

Physical examination revealed far advanced pulmonary tuberculosis, with 
extensive involvement of both upper and the right middle lobes. The radio- 
graph (figure 1) corroborated these findings. The sputum was positive for 
tubercle bacilli. The blood and urine findings were normal. The tempera- 
ture, pulse and respiration varied within normal limits. 


1 From the Sanatorium of the Jewish Consumptives Relief Association, Duarte, California. 
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While in the institution his condition improved considerably, and he left 
the sanatorium, on his own volition, on July 21, 1925. 

The following two and a half years he spent partly in the Tubercular Jewish 
Ex-Patients’ Home, Los Angeles, and partly in the Sanatorium of the Jewish 
Consumptive Relief Society, Spivak, Colorado. The course of his disease in 
the latter institution may be seen from the following clinical summary, re- 
ceived through the kindness of Dr. H. Schwatt, in charge of that institution. 

“Admitted on July 18,1927. During his residence he pursued a moderately 
febrile course with temperature elevated up to 101. 4°. On September 20, 
1927, pneumothorax was attempted on the right side as a measure of last 
resort, apparently. 

“Tt appears from our records, he developed a spontaneous pneumothorax 
and that refills were continued, and also that he received his last refill in 
December, 1927. He developed an effusion. During the course of the pneu- 
mothorax treatment he apparently ran a moderately progressive course. The 
final note states that he left the Sanatorium with a right-sided hydro-pneu- 
mothorax.”’ 

Leaving Colorado he returned to the Jewish Tubercular Ex-Patients’ Home. 
Physical examination revealed at this time a pneumothorax on the right side 
and a small amount of fluid in the right pleural cavity, and an extensive 
fibrocaseous infiltration of the left upper lobe. The radiograph (figure 2) 
gave corroborative findings. The pneumothorax refills were continued at our 
sanatorium. 

On July 17, 1928, he was readmitted to our institution. Here he was kept 
in the Hospital Division on bed-rest. While one day disrespecting the strict 
regimen he was rather active with visiting relatives. The undue exercise was 
followed by a copious haemoptysis the same evening. This continued for the 
following four days, was of very severe character, and uncontrollable by the 
usual medical procedures. Physical examination and the patient’s subjective 
observations gave the impression that the bleeding originated in the left lung. 

As a last measure to check the haemorrhage we resorted, rather at the 
pressing request of the patient, on July 31, 1928, to the collapse of the left 
lung. At the first attempt the initial manometric reading was minus one, 
minus three. One hundred cubic centimetres of air were introduced, with a 
final reading of minus two, minus one. The patient felt very comfortable. 
One hour after the inflation, however, he commenced to complain of dyspnoea, 
and showed signs of increasing cardiac embarrassment. His temperature rose 
to 102°, pulse 160, respirations 32. 

About two hours after the initial collapse the symptoms of the cardiac em- 
barrassment were so severe that we had to resort to the deflation of the left 
pleural cavity. The manometer showed a reading of plus one, plus five. 
After 600 cc. of air were withdrawn, the final manometric reading showed zero, 
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plus three. The withdrawal of air gave the patient considerable relief. Very 
soon the symptoms of cardiac embarrassment returned, however, so that air 
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For description see text 


had to be withdrawn at very frequent intervals. It was decided, therefore, 
at 2 A.M. the following day to institute a permanent deflation through a 
catheter inserted into the pleural cavity. 
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After this procedure the patient felt very markedly relieved. Pretty soon, 
however, subcutaneous emphysema developed, extending throughout the 
entire chest, abdomen, neck and face. The face and neck were extensively 
bloated. The catheter was, therefore, withdrawn around 10 a.m. But, the 
symptoms of severe cardiac embarrassment having returned, it had to be 
reinserted in the early part of the afternoon. 

The X-ray film taken in the morning (figure 3) revealed a pneumothorax 
occupying the lower third of the left lung field. It did not show any cardiac 
or mediastinal displacement. The right lung field gave the same picture as 
on the previous occasion. 

In the meantime the haemorrhage ceased, and the sputum became clear in 
the following few days. 

The condition of the patient improved gradually, so that the catheter could 
be removed without any untoward effects on August 3, 1928. A few days 
later also the subcutaneous emphysema disappeared slowly. The wound 
through which the catheter was inserted healed by first intention. 

The collapse of both lungs was maintained. The first refill on the left side 
was given on August 24, 1928, with an initial manometric reading of minus 
one, zero, and a final reading of minus 4, plus +, after 300 cc. of air were 
given. The left pleural space, however, became slowly obliterated, and on 
October 9, 1928 a neutral reading was obtained. Two successive attempts 


registered complete obliteration. The radiograph (figure 4) revealed that the 
air was absorbed from the left pleural cavity. 

The condition of the patient at the present writing (May 15, 1929) is rela- 
tively fair, although his disease progresses steadily. 


COMMENT 


It must be granted that a relatively small pneumothorax without 
considerable displacement of the heart could not have led to such a 
severe cardiac embarrassment as in the case here reported, should the 
contralateral side not have been previously subjected to collapse therapy. 
Yet, as the events have proved, the patient has stood the very severe 
complication of spontaneous pneumothorax in the same manner as many 
of our cases do in the course of unilateral collapse therapy. 

The fact that by the bilateral collapse we were able to check an other- 
wise apparently uncontrollable haemoptysis and therewith prolong the 
life of our patient, seems to warrant, we think, the hazards the patient 
had to undergo in the course of the bilateral-pneumothorax treatment. 

It is noteworthy that our case had experienced spontaneous pneumo- 
thorax in both instances when the first attempts to collapse the respec- 
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tive lungs were made. Yet, the amount of the air introduced into the 
pleural cavity was small, and judging by the prompt manometer reading 
a direct injury to the lung by the pneumothorax needle may be reasonably 
excluded. We may assume, therefore, that both lungs presented to the 
air introduced into the pleural cavity a similar area of lessened resistance. 
The fact that on both occasions the spontaneous collapse was not fol- 
lowed by empyema would, at least to my mind, exclude the possibility 
of the rupture of a caseated subpleural tubercle or cavity. It seems to 
me more likely that in both instances the rupture occurred in an emphy- 
sematous bleb. The rupture of these blebs, as pointed out in a previous 
publication (1), is usually not connected with a purulent effusion, while 
the rupture of tubercles or cavities is usually followed by empyema. 


REFERENCE 
(1) Portax, M.: Emphysema and tuberculosis, Southwestern Med., April, 1925. 
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A STUDY OF ARTIFICIAL-PNEUMOTHORAX TREAT- 
MENT IN PULMONARY TUBERCULOSIS::? 


A. T. COOPER anp WALKER E. STALLINGS 


The following is a study of the cases of pulmonary tuberculosis treated 
by artificial pneumothorax at Fitzsimons General Hospital since 1920. 
That the treatment has rapidly gained in favor is evidenced by the fact 
that in 1920 only 3 patients were started on the treatment; in 1921, 6; 
in 1922, 15; in 1923, 38; in 1924, 64; in 1925, 99; in 1926, 92; and in 1927, 
54. During the year 1928, to October 1, 47 patients received initial 
pneumothorax. At the time this paper was written, there were 667 
patients with pulmonary tuberculosis undergoing treatment in Fitz- 
simons General Hospital: 123, or 18 per cent, of this number are receiving 
artificial pneumothorax in addition to the other usual forms of treatment. 

It is regretted that many of the cases left the hospital before treatment 
was completed, or even before it was well established. Many undoubt- 
edly kept on with the treatment, but these cases are so widely scattered 
throughout the country that no attempt to obtain a follow-up record 
has been made. 

All of the cases considered in this paper were rated Far Advanced; a few 
were Moderately Advanced cases, but this group was so small that no 
special classification was made. All cases in this hospital having a 
cavity or cavities as large as or larger than 2 cm. in diameter, or heavily 
involved areas without cavitation that have shown no improvement after 
a suitable period of observation has passed, are advised to take artificial 
pneumothorax, provided, of course, that there is no special contraindica- 
tion. There were many cases included in this report that were given 
pneumothorax with no hope of ultimate recovery. These patients were 
made more confortable in many instances, and the treatment was thought 
to be worth while. 

A few of the cases considered in this report have received bilateral 
pneumothorax, but they have not been considered separately in this 
paper. 

1From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 

2 Read before the Denver Sanatorium Association, Denver, Colorado, November 27, 1928. 
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For the purposes of this study, the cases have been divided into several 
main groups: namely, unilateral and bilateral tuberculosis, satisfactory 
and unsatisfactory collapse, and the length of time pneumothorax was 
given. A case was considered unilateral when the contralateral lung was 
entirely negative, or, at the most, showed only a minimal amount of 
fibrosis and this demonstrated only by X-ray. A satisfactory collapse 
was considered accomplished when the collapse was sufficient to practi- 
cally close cavities or to sufficiently splint the lung in cases having a 
heavily involved area. 

The cases are further divided into those receiving pneumothorax from 
one to six months, from six months to one year, from one to two years, 
from two to three years, and for three years or more. 

Table 1 includes those cases that had only a unilateral pulmonary 
tuberculosis and that received pneumothorax from one to six months. 
There were 80 in this group. Forty-one per cent of these received a 
satisfactory collapse, and of the satisfactory group only 27 per cent 
showed improvement, while in the unsatisfactory group 21 per cent were 
improved. The low percentage of improvements reported here is due 
to the fact that many of the cases were given pneumothorax as a last 
resort and only for a short time. It is noted that 69 per cent of the 
entire group left the hospital during the first six months of treatment and 
before sufficient time had elapsed for them tc show improvement. 
Sixteen per cent of the cases died. Considering the type of cases reported 
in this group, it is interesting to note that 33 per cent showed a decrease 
in sputum, and of the 19 cases showing complications before pneumo- 
thorax was started 73 per cent were improved. 

Table 2 includes the cases of unilateral pulmonary tuberculosis that 
received pneumothorax treatment from six months to one year. There 
were 48 cases in this group, and a satisfactory collapse was obtained in 
62.5 per cent. Of the number placed in the satisfactory group 57 per 
cent were improved, and only 33 per cent of the unsatisfactory group were 
improved. Fifteen per cent of the cases showed a spread in the con- 
tralateral lung; 33 per cent were discontinued because of an unsatisfactory 
clinical course. Seventy per cent of the cases having a satisfactory 
collapse had a decrease in cough and sputum, while only 33 per cent of 
the unsatisfactory cases showed such decrease. There were 58 per cent 
of the patients who left the hospital, 27 per cent under treatment at this 
time, and 15 per cent died in the hospital. 
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Table 3 includes the cases of unilateral pulmonary tuberculosis that 
received pneumothorax from one to twoyears. There were33casesin this 
group: 24, or 73 per cent, received a satisfactory collapse, and of this 
number 67 per cent were improved. In the unsatisfactory group 44 
per cent improved. 

Attention is invited to the fact that each table presented has shown 
an increasing number of cases that obtained satisfactory collapse; also, 
that the number of cases improved has increased with each table 
presented. 

Another feature to be noted is that spread has occurred in the contra- 
lateral lung about the same number of times in each of the three groups 
reported, and that it occurred about as frequently in the satisfactory as 
in the unsatisfactory. Sixty-four per cent of the satisfactory group of 
the present series and 44 per cent of the unsatisfactory group showed a 
decrease in cough and sputum. There were four cases in the entire group 
that showed complications; and 100 per cent were improved; 27 per cent 
are under treatment in the hospital at this time; 67 per cent are un- 
accounted for; and 6 per cent died. 

Table 4 includes the cases of unilateral pulmonary tuberculosis that 
received pneumothorax from two to three years. There were 11 cases 
in this group: 8, or 73 per cent, received a satisfactory collapse, and 63 
per cent of these were improved, while 67 per cent of the unsatisfactory 
group were improved. Only one case in the entire group showed a 
spread in the contralateral lung, and this case had a satisfactory collapse. 
It is noted also that 36 had a decrease in cough and sputum at the 
end of two to three years of collapse therapy. None of these patients 
died while in the hospital; 45 per cent are under treatment at this time, 
and 55 per cent are unaccounted for. . 

Table 5 includes the cases of unilateral pulmonary tuberculosis that 
received pneumothorax three years or more. There were 10 cases in 
this group: 9 received a satisfactory collapse and one an unsatisfactory 
collapse: 78 per cent of the cases receiving a satisfactory collapse im- 
proved. None of the unsatisfactory group improved. Spread in the 
contralateral lung occurred twice in the series, and in the cases in which a 
satisfactory collapse was obtained a decrease in cough and sputum has 
occurred in 60 per cent. Forty per cent of these cases are in the hospital 
at this time; 40 per cent have left, and 20 per cent have died. 

Attention is invited to the exceedingly large number of cases that left 
the hospital during the treatment: 69 per cent of the cases included in 
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the one to six months’ table; 58 per cent in the six months to one year; 
67 per cent in the one to two years; 55 per cent in the two to three years; 
and 40 per cent in the three years or more. Many of these cases ob- 
tained a temporary improvement at least, although most of them were 
listed as unimproved on discharge. 

The following group of five tables includes the cases having bilateral 
pulmonary tuberculosis that were given pneumothorax treatment from 
one to six months, from six months to one year, from one to two years, 
from two to three years, and for three years or more. 

Table 6 includes the cases of bilateral pulmonary tuberculosis that 
received pneumothorax from one to six months. There were 121 cases 
in this group. Of the 43 that received a satisfactory collapse 51 per cent 
were improved. Of the unsatisfactory group 19 per cent were improved. 
The one to six months’ group, as stated before, contains many cases given 
pneumothorax as only a last resort and, as a consequence, the percentage 
of improved cases is rather low. It is interesting to note, however, that, 
in the corresponding table of the cases having unilateral tuberculosis, 
only 27 per cent having a satisfactory collapse were improved, while 21 
per cent of the unsatisfactory group were improved. Of the entire 
group of cases shown in this chart, 21 per cent showed retrogression in 
the opposite lung, 16 per cent improvement in the other lung, and 63 
per cent no change: 29 per cent of the series were discontinued because 
of unsatisfactory clinical course. The sputum and cough were decreased 
in 39 per cent of the cases. ‘Twenty-six per cent of the cases are at this 
time in the hospital, 53 per cent have left, and 21 per cent died in the 
hospital. 

Table 7 includes the cases of bilateral pulmonary tuberculosis that 
received pneumothorax treatment from six months to one year. There 
were 63 cases, of which 57 per cent received a satisfactory collapse, and 
of this group 50 per cent were improved. Of the unsatisfactory cases, 
26 per cent were improved. Of the entire number 36 per cent showed 
retrogression in the opposite lung, the larger percentage having occurred 
in the unsatisfactory-collapse group. Of the cases receiving a satisfac- 
tory collapse 14 per cent improved in the opposite lung, while only 11 
per cent in the unsatisfactory group improved. Because of unsatisfac- 
tory clinical course, 12 cases, or 19 per cent, of the entire group were 
discontinued. It is interesting to note that in the corresponding table 
of the unilateral group, 33 per cent of the entire group were discontinued 
because of unsatisfactory clinical course. ‘The sputum and cough were 
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decreased in 41 per cent of all of these cases. There were 17 cases having 
tuberculous complications before pneumothorax was started, and only 
18 per cent showed improvement. At this time 35 per cent of the cases 
are in the hospital and 51 per cent are unaccounted for, while 14 per cent 
died in the hospital. 

Table 8 includes the cases of bilateral pulmonary tuberculosis which 
received pneumothorax from one to two years. There were 41 cases 
in this group, of which 39 per cent received a satisfactory collapse, and of 
the satisfactory collapses 75 per cent were improved. Of the unsatis- 
factory group, 49 per cent were improved. In the corresponding table of 
the unilateral series, it is interesting to note that 67 per cent of the 
satisfactory group and 44 per cent of the unsatisfactory group were 
improved. Retrogression in the opposite lung occurred in 34 per cent 
and no change in 40 per cent, while 19 per cent of the entire series were 
discontinued because of unsatisfactory clinical course. It is again noted 
that in the corresponding table of the unilateral group, a larger number, 
or 36 per cent, were discontinued because of unsatisfactory clinical course. 
Of the cases in this group 51 per cent had a decrease in cough and sputum. 
At this time 49 per cent of these cases are in the hospital, 41 per cent are 
unaccounted for, and 10 per cent are dead. 

Table 9 includes the cases of bilateral pulmonary tuberculosis that 
received pneumothorax from two to three years. There were only 7 
of these cases, of which 71 per cent received a satisfactory collapse, and 
60 per cent of the group were improved, while 50 per cent of the unsatis- 
factory group were improved. Of the entire series 29 per cent showed 
retrogression in the other lung, 57 per cent showed improvement in the 
other lung, and none of the cases were discontinued because of unsatis- 
factory clinical course. Of the entire group 43 per cent showed a decrease 
in cough and sputum. At this time 57 per cent are under treatment, and 
43 per cent are unaccounted for. None died in the hospital. 

Table 10 includes the cases of bilateral pulmonary tuberculosis that 
received pneumothorax for three years or more. There were 4 cases in 
this group. Only 25 per cent of these received a satisfactory collapse 
and 100 per cent of this group improved, while 67 per cent of the un- 
satisfactory group improved. It is interesting to note that each of the 
several tables including the bilateral cases has shown an increase in the 
number of cases improved. The first table (one to six months) showed 
the lowest percentage (31 per cent), and the last the highest (75 per cent). 

This table shows that 25 per cent of the cases had retrogression in the 


| 
| 
| 
| 


2) 
=| 
=) 
< 


oo 


oo 


gS 
oo 


oo 


-@AS ON ‘IVLIdSOH 


‘IVLIIdSOH NI 


peaoidunuy | 
saseo Jo 
Jaquinu 


OL aOrdd SNOILVOITANOD 
sno 


-VOUN 


woaLods 
ANV HONO0D NI asvawaa| © 


ssausoud 


IVOINITO 


-SILVSNO 


ONOT TVAALVIVAL 


ONQT 


“V4INOO NI SNOISAT 
NOISSTADOALTa 


Sasvo dO 


Ol ATAVL 


%ev 
¢ 


¢ 


T 


%is | 


¢ 


%LS 


%0S 


oo|oo 


oo 


oo 


%0S 
T 


S 


%0s 
T 


N 


%0S 


%0S 


IVLIdSOH NI TTILS 


pssoiduy | O 


peaoidunuy 
Joquinu [830], 


OL SNOILVOITANOD 


-VOEN WOLAdS 


HONOD NI | N 


TIVOINITO AMOLOVA 
-SILVSNOA 


ONNT TVATLVIVAL 


-NOO NI 


ONNT TVaALVI 


-VaINOD NI SNOISAT 


Sasvo 40 


6 ATAVL 


781 
ss 
° 
— 
S S 
° ss 
S 
- 
° ° ° 4 ss se 


782 A. T. COOPER AND WALKER E. STALLINGS 


opposite lung. The percentage varies very little throughout the entire 
number of cases shown. The highest percentage, which was 36, occurred 
in the six-months to one-year cases. The lowest, or 21 per cent, occurred 
in the one to six-months group. There were 50 per cent of these cases 
that showed improvement in the contralateral lung. The highest 
percentage of improvements occurred in the two to three years’ group, 


TABLE 11 
Cases in which the lung was allowed to reéxpand 


ALLOWED TO REEXPAND 
THOUGHT TO BE APPARENTLY 
ABRESTED AMD LUNG REFUSAL OF PATIENT TO 
ALLOWED TO REEXPAND CONTINUE TREATMENT 


TUBERCULOUS PROCESS 


activation 
TOTAL NUMBER OF CASES 


Lung has shown 
no signs of re 
No activation 
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or 57 per cent. The lowest percentage occurred in the six-months to 
one-year group, or 13 per cent. At this time 75 per cent of the cases are 
in the hospital, none are unaccounted for, and 25 per cent have died in 
the hospital. 

Table 11 shows the cases in which the lung was allowed to reéxpand. 
The number of clinical records tabulated here was 85, and these 85 have 
been included in the other tables, but are considered separately because 
of the fact that the collapsed lung was permitted to expand. In 18 of 
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these cases the lung was permitted to expand because it was thought 
that the tuberculous process in the collapsed lung was arrested. In 16, 
or 89 per cent, of these 18 patients, the lung has since shown no sign of 
reactivation, and in 2, or 11 per cent, the lung was noted by the Ward 
Officer as improved, but it could not be definitely stated that there was 
no activity present. In this group of 85, the lung was permitted to 
expand in 67 patients because of unsatisfactory clinical course, or because 
of the refusal of the patient to continue treatment. In 24, or 36 per cent, 
of these 67 patients, the Ward Officer noted improvement in the lung 
which had been compressed. Of the grand total (418), that received 
pneumothorax, in only 18, or 4 per cent, was the lung permitted by the 


TABLE 12 
Complications arising during treatment by artificial pneumothorax 


SPONTANEOUS COMPLICATING ARTIFICIAL 
PNEUMOTHORAX 


Pyopneumo- 
thorax 


CASES DEVELOPING HYDROTHORAX 
CASES DEVELOPING PYOPNEUMO- 
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CASES REQUIRING ASPIRATION 
No serious complications 


THORAX 
Number of cases 
Permanent bron- 

chial fistula 
Sudden death 
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194 | 80 18 
46%| 41% 55% 


Total 194 | 80 33 18 3 
ia 46%| 41% 8% | 55% 9% | 30% 
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Ward Officer to reéxpand because it was considered that the tuberculous 
lesions in the lung which was collapsed were probably arrested. 

Table 12 shows the complications which arose during the administra- 
tion of artificial pneumothorax. Of the total number that received this 
treatment (418), 194, or 46 per cent, developed hydrothorax sufficiently 
for the Ward Officer to make a clinical diagnosis of this condition. Of 
the 194 that had hydrothorax, 20, or 10 per cent, subsequently developed 
pyopneumothorax. 

Of the 418 cases included in this report, 33, or 8 per cent, had spon- 
taneous pneumothorax complicating artificial pneumothorax. Of this 
33, 18, or 55 per cent, developed pyopneumothorax. Of the 18 that 
developed pyopneumothorax, 12, or 67 per cent, continued with perma- 
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nent bronchial fistula. Of the 33 cases of spontaneous pneumothorax, 
12 developed only a simple fluid or no serious complications. Three 
died suddenly or within a few hours. There were 10 cases which were 
diagnosed as air embolism incident to pneumothorax administration. 
This is a term which is used at Fitzsimons General Hospital, and it is 
known that such a term is a mooted one. Some physicians prefer to call 
it pleural shock. Three of these 10 died within 24 hours, and 7 recovered. 
It has been estimated that these accidents occurred in the giving of 
approximately 12,000 refills. There were only 2 of these 10 cases that 
had a satisfactory collapse. In the remaining 8, adhesions were present, 
and only a partial collapse had been obtained. 


SUMMARY 


Table 13 is a summary of all cases considered, the total number being 
418, of which 182 had a unilateral and 236 a bilateral tuberculosis. Of 
the entire number (418) 49 per cent received a satisfactory collapse: 
232 cases received pneumothorax on the left and 186 on the right side. 

Pneumothorax was given successfully to 29 patients to stop pulmonary 
haemorrhage. 

Of the 182 cases in the unilateral group, 104, or 57 per cent, received a 
satisfactory collapse, and of this number 52 per cent were improved. 
Of the unsatisfactory group only 28 per cent were improved. It should 
be noted, however, that this includes the cases that were given pneumo- 
thorax from one to six months, and, since many of the cases in this group 
were given pneumothorax as a last resort on admission to this hospital, 
they should not, in justice to the result, be included in this summary. 
The six-months group being omitted, and only cases considered that 
received pneumothorax longer than six months, 63 per cent of the satis- 
factory group and 39 per cent of the unsatisfactory group were improved. 

Twelve per cent of all cases developed a spread in the contralateral 
lung, and this spread occurred about as frequently in one group as the 
other, regardless of the type of collapse. 

Of the 236 cases having bilateral tuberculosis, a satisfactory collapse 
was obtained in 101, or 43 per cent. Of the satisfactory group 55 per cent 
were improved, and of the unsatisfactory group 28 per cent were im- 
proved. The one to six-months cases were also included in the summary: 
omitting this group, the other cases show improvement in 59 per cent of 
the satisfactory and 40 per cent of the unsatisfactory group. In the 
entire series of cases, there is only a slight difference in the percentage 


786 A. T. COOPER AND WALKER E. STALLINGS 


of improved as between the unilateral and bilateral cases. Of the 
bilateral cases 26 per cent showed retrogression in the contralateral 
lung, 20 per cent showed improvement in the contralateral lung, and 54 
per cent no change. 

In 102 cases of the entire group of 418, the treatment was discontinued 
because of unsatisfactory clinical course (27 cases in the satisfactory 
group and 75 in the unsatisfactory group). A further study of the cases 
show that 23 per cent of the bilateral and 26 per cent of the unilateral 
cases were discontinued because of unsatisfactory clinical course. Of 
these cases that received a satisfactory collapse, 17 per cent of the uni- 
lateral group were discontinued and only 10 per cent of the bilateral 
group. Of all cases reported 43 per cent showed a decrease in cough 
and sputum, and, as would be expected, the satisfactory group shows a 
much higher percentage (55 per cent), while the unsatisfactory shows only 
32 per cent. The sputum became negative in 49 per cent of the cases 
that received a satisfactory collapse, while only 26 per cent became nega- 
tive in the unsatisfactory group. 

There were 205 cases of the entire series that received a satisfactory 
collapse, and of the number 52 per cent are at this time in the hospital, 
41 per cent are unaccounted for, and 7 per cent died in the hospital. 

Of the 213 cases that received an unsatisfactory collapse, 59 per cent 
are still in the hospital, 18 per cent are unaccounted for, and 23 per cent 
are known to be dead. 


THE INDICATIONS FOR THE SURGICAL TREATMENT 
OF PULMONARY TUBERCULOSIS 


E. J. O'BRIEN! 


With our much greater knowledge of pulmonary tuberculosis and its 
many variations and types, the indications for surgical interference 
become a very delicate and intricate problem. No two cases are alike: 
each has its own peculiarity and must be considered by itself. General 
rules can, however, be applied with a considerable degree of accuracy. 
It does seem that the old regimen of watchful waiting under bed-rest, 
until the disease has advanced so far that only the more serious surgical 
procedures can be used to help us overcome it, has proved ineffectual, 
and that, if we hope to obtain the best results with our present knowledge 
of this disease, we must treat it more actively and earlier in its course. 

It is my opinion that practically every demonstrable unilateral 
tuberculous lesion should have some form of compression therapy and 
that almost none of them be left to bed-rest alone. While we know that 
many lesions clear up without compression we also know that many do 

and that many more would clear if compression were given. We 
cannot tell with accuracy what any given lesion will do, but in those 
lesions that heal by themselves rest is the predominant factor and com- 
pression gives added rest. If this can be given without injury to the 
patient we have no right, in my opinion, to withhold it. 

I am not in accord with the phlegmatic, not to say apathetic, attitude 
generally assumed toward tuberculosis. ‘Time usually is not considered. 
Hospitalization over periods of years is taken casually. From our 
-xperience to date it seems obvious that even those patients, who do get 
well with bed-rest only, would get better much more quickly if some form 

0! “ompression were done, and as an economic problem we owe it to our 
patients to put them back at work as quickly as possible. 

No one will doubt that many subacute and even acute cases of appen- 

icitis would subside without operation, but because many of them do 
not and we cannot differentiate between them, we take out all appendices 
n these cases, and rightly so, and I believe that in a few years pulmonary 
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tuberculosis will be treated just as actively. At our clinics at the 
Herman Kiefer Hospital, Detroit, The Maybury Sanatorium at North- 
ville, and the Oakland County Tuberculosis Hospital at Pontiac, patients 
are, generally speaking, now treated in this way. 

Before applying any form of compression therapy we must have an 
intimate knowledge of the various factors which must be considered in 
respect to the indications for surgical treatment. ‘These are roughly 


as follows: 


1: The pathological and anatomical characters of the lesion (“Qualitative 
Diagnosis”), such as predominantly exudative, or predominantly productive, 
or cirrhotic, or mixed, and in a further subdivision one has to differentiate 
those exudative lesions showing only slight infiltrations and those having 
the characteristics of caseous pneumonia. Productive lesions may be either 
localized nodular foci or scattered nodules of from almost miliary size to mass- 


ive aggregations. 
2: The dynamics of the lesion, that is, its differentiation as to clinical signs: 


haemorrhage with small or large amount of sputum; or without sputum; or 
the sputum containing tubercle bacilli or not. 

3: Extent of lesion according to the usual classification of‘ Diagnostic Stand- 
ards,” with particular emphasis on the question of unilaterality. 

4: Localization: whether apical, infraclavicular in the middle field, basal, or 


diffuse. 

5: Presence, size, character, localization, and number of cavities. 

6: Complications: such as pleural involvement, pneumonokoniosis, and other 
types of nonspecific fibrosis and cardiac disturbances. 


It is impossible to elaborate in this paper on the above classification, 
but as the treatment of cavitation is probably our most constant and 
difficult problem, the anatomicopathological characteristics of cavities 
deserve further consideration. Simultaneously with the destructive 
caseating process in productive lesions there is formed around the lesion 
a wall of fibrous tissue, which tends to encapsulate it, and when this 
caseating centre is expelled va an air-passage a thick-walled cavity 
remains. However, in exudative lesions there is little or no natural 
attempt to encapsulate the lesion with this fibrous tissue while destruc- 
tion is going on, and when here the caseating area is expelled there may 
remain just a cavity with little or no surrounding wall. In the process of 
repair some fibrous tissue does form around it, but this is a later develop- 
ment. In a check-up of a large number of patients at the Maybury 
Sanatorium at Northville, Drs. Pinner and Douglas found that in the 
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majority of cases in which excavation took place it did so within six 
months after the onset of symptoms, and occasionally excavation was 

ccomplished within a week. The modern conception that early destruc- 
tive lesions begin as infraclavicular foci, and not as extensions from old 
«pical lesions, was also borne out. So called apical cavities were found 
io have originated as infraclavicular lesions, with migration to that 
location and not as a result of apical tuberculosis. The apparent chron- 
icity of this disease is due to the process of repair and reinfections after 
the early destruction is over. Our treatment of this disease must there- 
fore aim, first, to stop or prevent the destructive process which occurs 
during the first six months, and to aid in repair afterward if the damage 
has been done. 

We must, of course, take into consideration the age of the patient and 
the patient’s general condition, as well as the presence of complications 
elsewhere in the body; so it is apparent that the decision or exact pro- 
cedure cannot be made easily. In our clinics no method of compression 
therapy is ever begun until a conference of the entire staff is held, in 
which the patient’s history, physical findings, and clinical course, and the 
laboratory and X-ray reports are presented. If compression therapy 
has been decided upon there are many procedures from which we have to 
choose and each has its definite place. It is not my desire in this paper 
to dwell on the technique or the results of these methods, but rather to 
attempt the difficult task of showing when and where, in my opinion, 
they should be applied. The various procedures may be listed as follows: 


Crushing of phrenic nerve and its accessory branch when the latter exists 
Exairesis of the phrenic nerve 

Artificial pneumothorax 

Artificial pneumothorax and phrenic exairesis 

E-xtrapleural pneumolysis (open and closed methods) 

Thoracoplasty (upper stage only) without phrenic operation 
Thoracoplasty (upper stage only) with preliminary phrenic crushing 
Thoracoplasty (upper stage only) with preliminary phrenic exairesis 
horacoplasty: lower stage only 

Thoracoplasty (complete): upper stage first 

‘horacoplasty (complete): lower stage first 

‘horacoplasty: parasternal 

''xtrapleural pneumolysis 

shoracoplasty with traction wires 

esection of intercostal nerves 
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Artificial pneumothorax, while not distinctly a surgical procedure, is 
for convenience classified as such in this paper. 

These procedures are placed in the sequence in which I believe they 
should be used, when possible. Heretofore the sequence generally given 
in the literature as applicable to all lesions has been: 


Bed-rest 

Artificial pneumothorax 

Phrenicectomy 

Thoracoplasty (paravertebral and parasternal) 
Extrapleural pneumolysis 


I do not agree with this sequence, as it is too vague and general in its 
application, and because phrenic operations should be given priority in 
many minimal lesions that are not active or extensive enough to warrant 
a procedure such as pneumothorax, which may take years to complete, 
and not safe enough to be left alone with bed-rest; and, also because when 
it seems that equal benefit may be derived from pneumothorax treatment 
or phrenic operations, the latter procedure, because of its simplicity, 
should be given the preference. 

Phrenic operations are performed to cause paralysis of the diaphragm. 
When this occurs the diaphragm thins out and rises in the thoracic 
cage, the elastic tension of the lung caused by negative intrapleural 
pressure is released, and the intraabdominal pressure forces the dia- 
phragm upward and gives added compression and rest to the lung. 

The paralysis may be made temporary or permanent according to the 
procedure used. Simple crushing of the nerve and its accessory branch, 
which exists in 20 per cent of cases, will cause a paralysis of the dia- 
phragm, but the nerve will regenerate in five or six months and the 
diaphragm will resume its function. If we wish permanent paralysis, 
the entire nerve, or at least a segment of it, as well as the accessory 
branch must be removed. The former procedure is called phrenicotomy 
and the latter phrenicectomy or phrenic exairesis. 

In minimal lesions, more particularly those exudative lesions with 
light infiltration and those localized nodular forms of productive lesions 
without cavitation, which are not active or progressive, a simple crushing 
will often prove sufficient to cause arrest of the process with a minimal 
amount of discomfort to the patient. If this same lesion be more ex- 
tensive, though not more active, a phrenicectomy should be done, so 
as to give permanent compression and added rest. ‘This grants the 
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lesion more time to heal and constitutes a safeguard against the con- 
stant recurrences so characteristic of tuberculosis. (See case 1, figures 1 
and 2.) 

Artificial pneumothorax would be just as efficient in the case of the 
above lesions, but it is a much more complicated procedure than are 
phrenic operations. Once begun it must be continued for from one to 
five years with its constant refills and the ever-present danger, even 
though small, of empyema, air-embolism, tearing of adhesions, etc., and 
it is much more of a burden to the patient. 

In experienced hands phrenicectomy is done in a few minutes under 
local anaesthesia, with little or no danger, and the patient is not in- 
convenienced further. Even if the more extensive lesion described above 
were held in check with pneumothorax, the amount of fibrosis necessary 
to heal it often contracts the lung to such an extent that it is doubtful 
if it can ever again entirely fill the thoracic cage. Consequently, a 
phrenicectomy would have to be done anyhow, in order to lessen the size 
of the hemithorax, so that when the lung reéxpands there will be less 
danger of the lesions being reactivated. For this reason, the phrenicec- 
tomy here should be done first and the process kept track of by X-ray 
every few weeks. This operation may be enough in itself, but, if it is 
not, artificial pneumothorax may be added at any time. 

I do not wish to give the impression that artificial pneumothorax is a 
dangerous procedure. It is without doubt the one most valuable method 
we have at our command, and it is only when inaccurately or unwisely 
given that its use should be feared. Small repeated doses of air, with 
constant fluoroscopic examinations and X-ray films, make the procedure 
comparatively safe. ‘Thousands of refills have been given at our clinics 
with almost no untoward results. It has, like all other methods of 
surgical nature, a certain element of risk, and it should only be given by 
men experienced in its use, but the point I wish to make is that once 
begun it is much more burdensome to the patient than is a phrenic- 
nerve operation. 

In predominantly exudative lesions that are rapidly progressive and 
active a phrenic operation should not be considered. This lesion needs 
the greater amount of compression that artificial pneumothorax affords, 
and the latter should be given at once, and the lung put at rest to prevent 
possible spread to the other lung. Of course, this may occur anyway, 
but there is much less danger of it doing so if we act quickly. 

There is a class of active, soft exudative lesions to which this com- 
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ment does not apply. In these the disease is healing by excavation, and 
the infiltration in the lung around the cavity has mostly cleared up, 
leaving just a very easily compressible cavity with little or no investing 
wall. In this class of cases, a crushing or removal of the phrenic nerve, 
depending on the size of the cavity, extent of the lesion, etc., should be 
done in preference to pneumothorax. (Case 2, figures 3 and 4.) 

In making these distinctions it must be remembered that we are not 
fortunate enough to see all patients at the beginning of their active 
process, and we must confine our efforts towards controlling it as it is 
when we first see it. Therefore, the lesion just described, probably if 
seen a few months earlier, would have presented only an actively spread- 
ing, soft process, and should have had pneumothorax at that time. How- 
ever, when we see it after the disease has spent its force, and the patient 
has fortunately withstood it and there is left only a soft-walled cavity 
with very little infiltration around it, it presents a different problem. 


PLATE 1 
(Case 1) 


Fig. 1. Soft lesion, light infiltration—not very active—in the upper left lung field. History 


of six months’ duration. 
Fig. 2. Case two weeks after phrenic crushing—showing marked clearing. 


Tuberculous pneumonia, if seen very early and within the first few 
days, should be combated at once with artificial pneumothorax. Start- 
ling results have been seen here, but if the process has gone on and we 
have a hard, firmly consolidated lung, compression of any sort is im- 
possible, and our only hope is that it will excavate, at which time, if the 
patient is still alive, we may use some form of compression. 

In lesions which are complicated by other nontuberculous conditions 
in the lung, the whole picture must, of course, be studied. In cases of 
pneumonokoniosis or fibrosis elsewhere in the lung, though not sufficient 
to cause dyspnoea, and in which we have an open cavity throwing off 
tubercle bacilli, we must be careful not to use any procedure which 
might harm the patient. If in some parts of the lung the gaseous ex- 
change is impaired by fibrosis, compensating emphysema may occur. 
A further restriction of the functioning surface may so aggravate the 
emphysematous condition of the noncompressed part of the lung as to 
cause respiratory embarrassment and decompensation. In such a 
condition a pneumothorax, if anything, should be done, for if embarrass- 
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ment of respiration occur the air can be withdrawn immediately, while 
a phrenic operation cannot be undone. In cases with dyspnoea any form 
of compression should be withheld. This applies only, of course, when 
the dyspnoea is caused by impairment of the pulmonary alveoli and not 
to cardiac or other involvement. 

When we are considering compression of a diseased lung and there are 
suspicious lesions in the contralateral lung which we wish to test out, arti- 
ficial pneumothorax should always be tried first. It is a well-known fact 
that if there is to be an activation of these foci, this usually comes on 
early after the compression, and, if it occurs, the air may be withdrawn. 
If there is no free pleural space and pneumothorax is impossible, crushing 
of the phrenic should be done f.rst, but never from choice. 

If there are not extensive firm pleural adhesions present over the lower 
lobes, compression and relaxation of elastic tension and fibrosis following 
phrenic operations are as great at the apex as at the base, and lesions in 


PLATE 2 
(Case 2) 


Fig. 3. Left side. Soft infraclavicular lesion with moth-eaten appearance and very little 
perifocal infiltration. Not very active. 
Fig. 4. Case two months after phrenic crushing. Only fibrosis remains. 


any part of the lung, with or without cavitation, receive added rest, with 
resulting stasis of lymph, increased production of fibrous tissue and better 
healing. Old fan-like mixed lesions at the apex and soft-walled infra- 
clavicular and basal lesions, with or without cavitation, seem to be equally 
benefited by this procedure, although of course, the soft-walled cavities 
are more quickly obliterated. In old productive lesions with thick walls 
the cavities are usually diminished in size soon after the operation, and 
these heal more readily by fibrous-tissue encapsulation. It is not to be 
expected that very large thick-walled cavities in productive lesions will 
be obliterated by this procedure alone. 

Cavities close to the vertebral gutter, even though at the extreme base 
of the lung, are not as readily affected. This is due to the attachment of 
the diaphragm, which limits its elevation in this region, the diaphragm 
always rising higher at its centre than at the periphery. 

Early basal tuberculosis, usually so devastating in its affects, is some- 
times completely controlled by phrenicectomy, although this lesion, 
which is often very active and excavates rapidly, and is common in 
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colored people and so often has gastrointestinal and other complications, 
should be watched carefully afterward, and if the disease is spreading 
artificial pneumothorax should be added. (See case 3, figures 5 and 6.) 

All of the results, which we find after phrenic operations, artificial 
pneumothorax and other methods of compression, cannot, of course, be 
attributed to our procedure; some of them might have occurred without 
any surgical intervention, and, by the same reasoning, the spreads to 
the other lung cannot always be laid to our compression. I have seen 
some patients, upon whom we decided to use some form of compression, 
suffer a spread to the other side before this could be started. If our 
procedure had been instituted these happenings would probably have 
been attributed to it. 

Lesions, which have been predominantly unilateral and undergoing 
the usual expectant bed-rest regimen and have spread to the other lung 
after prolonged hospitalization, should have compression on the more- 


PLATE 3 
(Case 3) 


Fig. 5. Soft, extensive basal lesion on right side. Not very active. 
Fig. 6. Case six months after phrenicectomy. Infiltration has entirely disappeared. 


diseased side as a last resort, for further bed-rest seems futile and com- 
pression often clears up both older and newer lesions. However, if 
we. have a patient who has been ambulatory, with a predominantly 
unilateral lesion and a recent spread to the good side, the patient should 
first be put at bed-rest with no compression, in the hope that the spread 
will clear up and permit compression of the more-diseased side later. 

Patients with uncontrollable haemorrhage, even if the disease is 
markedly bilateral, should have a compression by air, if possible, on 
the side from which the bleeding occurs, if this can be determined. If 
this cannot be done a phrenic-nerve crushing is indicated. 

In extensive, old fibrotic lesions with cavitation, in which the fibrosis, 
formed in the attempt to heal them, has contracted until the mediastinal 
structures, chest-wall, etc., are pulled inward as far as they will go, and 
any further pull tends to reopen cavities rather than close them, the 
relaxation caused by a phrenicectomy is often sufficient in itself to allow 
completion of the healing. One cannot tell without trying whether a 
diaphragm is fixed by adhesions or not, and if it is indicated phrenicec- 
tomy should be attempted regardless of the appearance and X-ray. 
Many pleasant surprises will be the reward. 
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After we have begun pneumothorax treatment and we find that there 
are adhesions between the lung and chest-wall which prevent sufficient 
collapse of the lung to obtain the desired results, we have a choice of three 
procedures, namely, phrenicectomy, intrapleural pneumolysis, and 
thoracoplasty. Phrenic exairesis should be tried, especially ift he base 
of the uncollapsed lung is on the diaphragm and the adhesions are 
situated at the apex, where it is possible that their relaxation, by the 
ascent of the diaphragm into the chest, will allow a continuation of the 
pneumothorax treatment to cause further collapse of the lung. I have 
seen startling results with this procedure. A supplementary phrenicec- 
tomy during pneumothorax treatment extends the interval between 
refills. This, added to the restriction of motion, lessens the number of 
effusions resulting. (See case 4, figures 7 to 10.) 


PLATE 4 
(Case 4) 
Fig. 7. Left side. Extensive soft lesion with cavitation. Very active. 
Fig. 8. Case after six months of pneumothorax. Cavities in apex held out by adhesions. 


Fig. 9. Case two weeks after phrenicectomy, which relaxed adhesions. 
Fig. 10. Case six months after phrenicectomy, showing marked lessening in size of hemi- 


thorax and obliteration of cavity. 


Complete collapse of the lung with pneumothorax is not always 
necessary. Often cavities are closed with partial compression, and the 
lesions become quiescent and the symptoms disappear. 

In cases, in which thin adhesions are preventing sufficient collapse, 
frequent refills of small amounts of air often gradually stretch them com- 
pletely, or at least enough to gain the amount of compression needed. 
If these procedures do not prove sufficient an attempt may be made to 
cut the adhesions either by the closed method of Jacobaeus or by the 
open method. Dr. Ralph Matson reports many excellent results with 
the closed method at which he is so proficient, but in the cases under our 
observation the small thin adhesions rarely prevent sufficient collapse 
and the large ones are, I believe, more safely cut by the open method; 
so I prefer this procedure, and have had very excellent results with it, 
using my own technique. (Case 5, figures 11 to 13.) If these proce- 
dures seem impossible because of the multiplicity of adhesions, etc., the 
lung should be collapsed by thoracoplasty. The results from thoraco- 
plasty in these cases, however, has in my hands not been very successful, 
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and unless the lung is allowed to reéxpand before thoracoplasty has been 
done, the intrapleural pressures should be carefully watched and ob- 
servations made both before and after the operation, as there is considera- 
ble danger of causing a high positive pressure which might force the 
mediastinal structures to the opposite side and embarrass the good lung. 
A fatality was narrowly averted in one of our patients before this was 
recognized and the air, being removed, caused a return of negative 
pressure. 

Not enough results have been reported on attempts at open intra- 
pleural pneumolysis for us to compare its effects with those of thora- 
coplasty. Archibald, Graham, Hedbloom, and others have reported 
a few cases, but no great numbers are available, and it may prove that 
thoracoplasty is to be preferred in all cases, but I believe that we should 
give the former procedure a longer trial. 


PLATE 5 
(Case 5) 


Fig. 11. Extensive soft lesion with cavitation in upper left lung. Very active. Before 


pneumothorax treatment. 
Fig. 12. Case showing lung almost completely collapsed but with cavity in apex held open 


by adhesions. Clear fluid in pleural cavity. 
Fig. 13. Case three weeks after intrapleural pneumolysis. Adhesions ligated and cut. 


Healed by first intention in spite of fluid. Cavity obliterated. 


Thoracoplasty, like other forms of compression described above, also 
relaxes the elastic tension of lung, and releases pull of fibrous tissue, etc.; 
but it gives more compression than phrenicectomy and is used when the 
more simple procedures fail. It is indicated in the process of repair 
after destruction has taken place, and cavitation and fibrosis have 
resulted. The narrowing and diminution in size of the chest, caused by 
removal of segments of ribs and the dropping-in of the chest, together 
with the fixation of the bony cage when newly-bridged bone forms, causes 
marked immobilization of the lung, with a consequent compression and 
rest which are so necessary to healing in these old lesions. 

In old apical cavitation, with considerable sputum and in which there 
is no free pleural space, thoracoplasty is indicated, but here the problem 
is as to what manner it should be done. It is difficult to lay down a rule 
that will cover all conditions, but, generally speaking, with this lesion 
and some lesion in the remainder of that lung, it should have phrenic 
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exairesis, first, to compress the lower lung as well as the upper lesion, to 
put the patient in better condition for the more serious procedure, and to 
give added protection against aspiration pneumonia, when the upper ribs 
are dropped on to the cavity. It also gives us a test of the other lung 
here, and, if activation occurs, then nothing further should be done, but, 
if not, an upper-stage thoracoplasty followed by a lower-stage operation 
in a few weeks is in order. 

With the same cavity and a considerable amount of sputum and no 
demonstrable lesion in the lower lung, it is only necessary to crush the 
phrenic nerve as a preliminary to thoracoplasty. This gives us the 
protection necessary against aspiration pneumonia while the upper chest 
is being dropped, and it will cause no permanent loss of diaphragmatic 


function. 


PLATE 6 
(Case 6) 
Fig. 14. Soft-walled cavity at apex; rest of lung field clear. Three ounces of sputum daily. 
Preliminary crushing of phrenic nerve done to prevent aspiration pneumonia following con- 


templated upper-stage thoracoplasty. 
Fig. 15. Case with cavity obliterated by upper-stage four-rib thoracoplasty. 


If the cavity is entirely obliterated by the upper-stage operation, and 
the sputum becomes negative and symptoms disappear, a second-stage 
operation should not be done at this time. 

In some small markedly productive lesions at the apex, with small 
cavitations and very little or no positive sputum and no lesion apparent 
in the remainder of the lung, a thoracoplasty, upper-stage, may be done 
without any preliminary phrenic-nerve operation whatever, and a lower- 
stage operation is not to be done unless necessary later. 

The number of ribs to be removed in any case should be determined 
by the size of the cavity and the location and extent of the lesion, enough 
ribs being removed to accomplish the obliteration of cavities and give 
proper rest to the remainder of the lesion. If it is a choice between five, 
six or seven ribs, it is usually better to remove seven, so that the scapula 
will fall in. However, I have seen some soft-walled cavities, larger than 
hen’s eggs and in the apex, obliterated by the removal of only four 
ribs. (Case 6, figures 14 and 15.) This type of cavity no doubt started as 
a soft infraclavicular lesion, which excavated and migrated to the apex 
and is still a soft-walled cavity with little or no fibrosis. Ifa considerable 


| 

| 
| 

| 

| 

| 

| 

| 
| 


PLATE ,6 
803 


— 
j 
3 
= 
4 
15 


804 E. J. O'BRIEN 


portion of the lung is involved a complete thoracoplasty should be done, 
making sure that at least a small segment of the first and eleventh ribs 
have been removed. 

The number of ribs to be removed as described above applies, of course, 
to the finished procedure, and not to the number removed at one sitting. 
This should be determined by the condition of the patient and amount of 
paradoxical breathing encountered during the operation, and by the 
presence of lesions in contralateral lung, etc. (Case 8, figures 18 and 19.) 

If we are considering a thoracoplasty in a patient whose other lung is 
questionable, even though it has not been activated by phrenicectomy, 
it is advisable to do the thoracoplasty in multiple stages, as advocated 
by Hedbloom. This also applies if the general condition of the patient 
does not warrant radical procedures. Better compression is obtained, 
as a rule, from a one- or two-stage procedure, but fewer patients will be 


PLATE 7 
(Case 7) 


Fig. 16. Old chronic fibrotic lesion in left side. Multiple cavities. Large amount of 


sputum. 
Fig. 17. One year after complete thoracoplasty 3 stages. Complete obliteration of 


cavities. 


lost with the multiple-stage operation. However, I believe it should be 
done more frequently. 

In old basal cavities the same procedures apply as for apical ones, but 
if thoracoplasty is to be done here the order should be reversed, in my 
opinion, and lower ribs should be removed first, in order to attack the 
worst lesions at the first operation and put the patient in better condition 
for other stages if these are necessary. 

It occasionally happens that an old healed lesion has, by the contrac- 
tion of fibrous tissue, pulled the heart and other mediastinal structures 
so far into the affected side that a thoracoplasty is necessary to relax this 
pull and allow the organs to return to their normal position; but occa- 
sionally even a thoracoplasty will not accomplish this result. 

In a small number of old fibrotic lesions with small cavitations a Sauer- 
bruch operation, which removes only small segments of ribs paraverte- 
brally, is sufficient but with large cavitations the more extensive Brauer 
operation is preferable. (Case 7, figures 16 and 17.) 

In some old fibrotic lesions with thick-walled cavities, especially if 
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pneumothorax has been tried and the cavity remains unchanged, even 
though there is good compression of the rest of the lung, it can be assumed 
that collapse of these cavities by any of the usual methods of thoraco- 
plasty will be difficult, and in these cases I use forcible compression by the 
use of 16-gauge silver wire, pulling the anterior cut ends forcibly down- 
ward and backward to the posterior stump and anchoring them. 

In a patient, whose mediastinum is not fixed and shifts with compres- 
sion, our results from any procedure are less likely to be effective. There 
are patients with lesions in which there is so much fibrosis in the lung that 
thoracoplasty which will permanently compress the lung will be prefera- 
ble to pneumothorax even though we have free pleural space. In 
these lesions, however, a short period of pneumothorax treatment is 
advisable, just as it is in all cases, where possible, in which we anticipate 
a thoracoplasty, because its temporary effect is very bene“ cial and makes 
the patient a better risk for the more serious operation. 


PLATE 8 
(Case 8) 


Fig. 18. Old fibrotic lesion. Multiple cavitation throughout entire right lung field. Six 


ounces of positive sputum. 
Fig. 19. Following one-stage, eight-rib thoracoplasty. Note obliteration of cavities in 


spite of shifting mediastinum. 


Even with a complete paravertebral thoracoplasty, cavities are not 
always obliterated and, as our success with any form of compression in 
cavitation will be almost in direct proportion to our success in obliterat- 
ing them, additional measures should be used. Parasternal thoracoplasty 
should be tried first. If this is not effectual some form of extrapleural 
compression directly over the cavity should be done. 

After removing the ribs over the cavity or after separating the soft 
tissues, including the parietal pleura, from them, some material, such as 
fat, paraffin, muscle or the rubber dam as suggested by Lilienthal, is 
forced into the hole that is made and the wound is sutured over it. The 
wound is opened after a few days if some foreign material has been used, 
and the hole is repacked with iodoform gauze until the wound heals from 
below. 

The age of the patient, or chronic nephritis and heart complications 
most frequently decide us against radical surgical procedures. Gastro- 
intestinal and laryngeal tuberculosis should not discourage compression 
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as a rule, but rather encourage it, for they often clear up after compression 
of the diseased lung. 

In those patients for whom thoracoplasty seems too severe because of 
age or other complications, phrenicectomy, with resection of the inter- 
costal nerves, will often be of value. Alexander has reported favorable 
results from this procedure. 

True apical tuberculosis has been found, in our experience, to run a 
rather benign course and very seldom requires compression therapy. 
The experience of others, that not over 7 per cent of these cases ever 
develop destructive lesions, seems to be corroborated. Naveau, in a 
careful review of his cases at the Sanatorium at Bligny during the years 
from 1903-1904 to 1913-1914, found that only 4.7 of those patients who 
had cavitation and constant tubercle bacilli in their sputum were alive 
at the end of the ten-year period. ‘These figures are not greatly at vari- 
ance with those of other observers. These statistics do not encourage 
me to look with much favor on the expectant, bed-rest regimen to which 
patients are being subjected. We now have a better conception of pul- 
monary tuberculosis, and if we believe that it is an acute destructive 
process and that this destruction goes on in most cases in spite of bed-rest, 
then I believe that we should use the weapons we have to aid us in over- 
coming it. We must not be misled by postmortem findings which show 
that most of us have had a lesion at some time in our lives that has healed 
by itself, for the large majority of demonstrable lesions which are giving 
enough clinical signs to bring our patients under observation do not get 
well, and it is for these patients that I believe some form of compression 
therapy should be used early, and before hopeless destruction has taken 
place. I, therefore, advocate some form of compression on practically 
every unilateral lesion as soon as it is demonstrated. 


THE SURGICAL TREATMENT OF PULMONARY TUBER- 
CULOSIS IN THE UNITED STATES 
VETERANS’ BUREAU!” 


PHILIP B. MATZ 


The treatment of pulmonary tuberculosis in the U. S. Veterans Bureau 
consists in the main of the well-established sanatorium regimen. In 
addition, in a percentage of cases in which indications exist, induced 
pneumothorax is used. The results with the latter have already been 
reviewed in a previous article (1). The object of this study is to present 
certain of the pertinent phases of the surgical treatment of pulmonary 
tuberculosis other than induced pneumothorax and to evaluate the 
results obtained with this regimen in the U. S. Veterans Bureau in the 
treatment of tuberculous ex-service men. It is based upon data received 
from various U. S. Veterans Hospitals upon 149 patients with pulmonary 
tuberculosis treated by surgery other than induced pneumothorax. 
The number of surgical operations performed was 153. There were 33 
additional patients with pulmonary tuberculosis who had indications 
for surgery but who refused to undergo this form of treatment. 

In analyzing the results of surgical] treatment in the Bureau as brought 
out in this study, attention is invited to the fact that 8 per cent of the 
patients with pulmonary tuberculosis admitted to U. S. Veterans Hos- 
pitals are in the incipient stage, 43 per cent are moderately advanced, 
and 49 per cent are far advanced. ‘The majority of the Bureau patients 
dealt with therefore are of the moderately advanced or far advanced 
types, a large number of whom had received previous hospitalization for 
tuberculous disease. 

The results of the surgical treatment of pulmonary tuberculosis depend 
upon a number of factors, the principal ones being the presence of well- 
defined indications for the particular operative procedure to be under- 
taken and the presence in the subject of a certain amount of resistance, 
characterized by fibrosis of the lungs. Other requisites are the absence 
of complicating disease of other organs and the absence of active tuber- 
culosis in the contralateral lung. 

' From the Research Subdivision, U. S. Veterans Bureau, Washington, D. C. 

2 Published with the permission of the Medical Director of the U. S. Veterans Bureau. 
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In the Bureau hospitals, before a patient with pulmonary tuberculosis 
is considered a subject for surgical intervention, his case has been studied 
not only by a tuberculosis specialist but by an internist, a radiologist, 
and a chest surgeon. When a decision is reached that the patient pre- 
sents indications for surgical treatment, it is assumed that he possesses 
the necessary indications and that no contraindications exist to negate a 
favorable outcome. 

The Bureau physicians, in using surgery in the treatment of pulmonary 
tuberculosis, do not use it as a substitute for either the sanatorium 
regimen or induced pneumothorax, but as a supplement to these after 
they have proved ineffective in causing the patient to make the required 
progress so as to bring about an arrest or cure of the tuberculous disease. 

It is a known fact that in a certain percentage of cases sanatorium 
regimen alone will not bring about an arrest or a cure of the disease. Itis 
also known that in certain cases artificial pneumothorax, on account of 
adhesions, fails to produce the necessary amount of collapse of the 
diseased lung. It is in such cases that surgical treatment may result in 
arrest or cure of the disease, and marked improvement of the patient. 

Collapse therapy favors the shrinkage of the diseased lung. It also 
narrows cavities which could not heal without the removal of the tension 
of the lung tissue, and causes physiological changes in the lung which 
stimulate healing processes. In addition +» these, the walls of certain 
cavities are brought together, minute cavit :s are obliterated, the blood 
circulation is altered so that the venous blood stagnates, and the lymph 
circulation is slowed. Collapse of the lungs results also in a reduction 
of the air circulation and the prevention of the absorption of toxins and 
the stimulation of fibrosis around tubercles. 


TABLE 1 


Number of patients with pulmonary tuberculosis treated by surgery other than induced 


pneumothorax 
Number of surgical operations performed 
Number of patients with pulmonary tuberculosis in whom indications for surgery existed 


but who refused treatment 


PERIOD OF OBSERVATION 


A review of table 2 indicates that following thoracic surgery in 149 
Bureau patients, 22, or 14.76 per cent, of the group studied were observed 
for periods less than 3 months; 21, or 14.09 per cent, from 3 to 5 months; 
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51, or 34.23 per cent, from 6 to 11 months; 33, or 22.14 per cent, from 1 to 2 
years; 14, or 9.40 per cent, from 2 to 3 years; 4, or 2.69 per cent, from 
3 to 4 years; and 4, or 2.69 per cent, from 4 to 9 years. 

It is thus seen that 43, or 28.85 per cent, were observed for various 
periods up to 6 months following thoracic surgery; 51, or 34.23 per cent, 
from 6 months to 1 year; and 55, or 36.92 per cent, for various periods 
from 1 to 9 years. 

TABLE 2 
Period of observation 


NUMBER OF CASES 


Less than 3 months 22 
3to 5 months 21 
6 to 11 months 51 
1 to 2 years 33 
2 to 3 years 14 
3 to 4 years 
4 to 9 years 


AGE AND SEX OF PATIENTS 


The Bureau patients selected for surgical treatment, 149 in number, 
consisted of 148 male and 1 female beneficiaries. Fifty-eight were within 
the age-group thirty-one to thirty-five; 46 within the age-group twenty- 
six to thirty; 19 within the age-group thirty-six to forty; and 10 within 
the age-group twenty-one to twenty-five. It is believed that one of the 
reasons for the favorable outcome of these cases is the fact that most of 
the subjects were within the younger age-groups. (Table 3.) 


TABLE 3 
Age and sex of tuberculosis patients treated by various surgical procedures 


AGE NUMBER OF MALES NUMBER OF FEMALES TOTAL NUMBER 


18 to 20 1 
21 to 25 10 
26 to 30 46 
31 to 35 58 
36 to 40 19 
41 to 45 
46 to 50 
51 to 55 


pt PER CENT 
14.76 
14.09 
34.23 
22.14 
9.40 
2.69 a 
2.69 
148 1 149 
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AGE OF TUBERCULOUS LESIONS OF THE LUNGS 


It has been the experience of observers that patients with acute tuber- 
culous disease, or those with disease of short duration are not suitable 
for surgical intervention, and that patients with chronic lesions, par- 
ticularly lesions with a good deal of fibrosis, are the best subjects for this 
treatment. 

Table 4 shows that, of 149 patients who underwent surgical treatment, 
62 had tuberculous disease, the duration of which was from 1 to 3 years; 
in 39 cases the disease had been present from 4 to 6 years; in 34 cases 
from 7 to 9 years; and in 14 cases tuberculosis had existed for 10 years 
or more. 

In reviewing these figures, it is noted that the cases selected were not 
of short duration and that they were no doubt patients whose tuberculous 
disease had resulted in fibrous-tissue formation, and that they were all 
subjects in the stage of disease in which nature attempts to repair the 
diseased lungs. 


TABLE 4 
Age of tuberculous pulmonary lesions treated by surgical procedures 


AGE OF TUBERCULOUS LESIONS NUMBER OF CASES 


1 to 3 years 62 
4 to 6 years 39 
7 to 9 years 

10 years or longer 


NATURE OF TUBERCULOUS LESIONS AND TYPE OF CHEST ABNORMALITY 


As was previously stated, in order that a case of pulmonary tuber- 
culosis may be considered suitable for surgical intervention, it is essential 
that the patient have a certain amount of resistance against tuberculous 
infection. This is usually indicated by the presence of fibrosis in the 
lungs. When the lung lesions are preponderantly exudative in nature 
it is an index of a lower power of resistance, and a contraindication to 
pulmonary surgery. However, there are a number of patients with 
tuberculous disease of the lungs who have coexisting exudative and 
productive lesions. In such cases difficulty is experienced in deciding 
whether or not they are suitable subjects for surgical treatment. When 
the exudative processes are pneumonic or bronchopneumonic in type, 
no surgical intervention should be considered. 
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To sum up, the best type of case for this form of treatment is one witha 
good deal of pulmonic fibrosis and possibly cavitation, and with arrest 
of the tuberculous process; moreover, the lesions should preferably be 
unilateral and of a type in which pneumothorax is impracticable. Sucha 
case shows signs of good resistance. 

A review of table 5 shows that there were various types of tuberculous 
lesions among the 149 patients treated by surgery. One hundred and 
seven of the total number had pulmonary disease characterized by 
cavitation; 27 of the patients showed evidence of retraction and deviation 
of the thoracic viscera; 65 patients had extensive pleural adhesions; 
and 96 of the total number had fibrosis of thelungs. In 58 of the patients 
the preponderant lesions were exudative in character. However, it is 
felt that these patients had a certain amount of pulmonic fibrosis as well. 


TABLE 5 
Nature of tuberculous lung disease and chest abnormality of 149 patients treated by surgery* 


NUMBER OF CASES 


Exudative tuberculous lesions 58 
Productive or fibrotic tuberculous lesions 96 
Extensive pleural adhesions 65 
Retraction and deviation of thoracic viscera 27 
Cavitation, small, up to 1 inch 13 
Cavitation, medium, 1 to 2 inches 22 
Cavitation, large, 2 inches aad over 72 


* Some of the patients had more than one type of lesion, 


CONTRAINDICATIONS TO THORACIC SURGERY 


Before surgical treatment for pulmonary tuberculosis may be ad- 
ministered, it is not only essential that the patients have certain well- 
defined indications in the lungs, but it is important that disease of certain 
other organs be absent. Some of these contraindications are disease of 
the heart, nephritis, disease of the liver, advanced tuberculous disease 
of the intestines or of the larynx, and diabetes mellitus. 

Two of the patients examined were found to have indications for 
thoracic surgery but were not allowed to receive this treatment because 
of complications in other organs. One of the patients had nephritis, the 
other myocarditis. (Table 6.) 
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TABLE 6 
Patients with pulmonary tuberculosis who had pulmonary indications for chest surgery but in 
whom contraindications existed in other organs 


NUMBER OF CASES 


Nephritis 1 
Myocarditis 1 


2 


TYPES OF SURGICAL OPERATIONS 


There were 153 operations performed on 149 patients: 4 patients had 
to undergo more than one operation; 100 of the patients underwent 
avulsion of the phrenic nerve; 30 drainage operations; 22 various types 
of thoracoplasty; and one patient underwent a Jacobaeus thoracoscopic 
cauterization of adhesions. (Table 7.) . 


TABLE 7 
Types of surgical operations performed in the series of cases under consideration 


NUMBER OF 
OPERATIONS 


Limited thoracoplasty 11 
Thoracoplasty, one-stage operation 

Thoracoplasty, two-stage operation 

Thoracoplasty, three- or more-stage operation 

Avulsion of phrenic nerve 

Drainage operation (opening of cavities, 
Jacobaeus operation 


Total operations on 149 patients 


* 4 patients had more than one operation. 


INDICATIONS FOR THORACOPLASTY 


Of 149 patients undergoing surgical treatment for pulmonary tuber- 
culosis, in 22 cases thoracoplasty was performed. ‘These 22 patients 
had 55 indications for this operation, so that the patients had an average 
of more than two indications for this operative treatment. 

The various indications existing in the 22 patients may be noted in 
table 8. In 19 patients thoracoplasty was done-because of the failure 
of other forms of treatment, and in 10 patients because pneumothorax 
was impracticable; in 7 instances there was cirrhosis of the lungs with 
cavitation, in which healing did not occur after prolonged observation; 
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in 6 cases there was extensive cavitation with rigid walls, and with or 
without pleuritic adhesions in which the ultimate progress was doubtful 
under incomplete pneumothorax; in 3 instances thoracoplasty was done 
because artificial pneumothorax was of no avail; 3 patients had recurrent 
haemoptysis; 1 case had cirrhosis of the lungs without any cavity- 
formation, in which healing did not occur after prolonged observation; 
and in 6 instances thoracoplasty was performed on account of the nature 
of the tuberculous lesions of the lungs. 


TABLE 8 
Indications for thoracoplasty 


NUMBER OF CASES 


Failure of other forms: af treatment: bus 


Cases in which induced pneumothorax was of no avail.................. 3 

Cases with adhesions in which pneumothorax could not be performed, was 
unsatisfactory, or could not be eee 10 


Cases with large cavities, cavities with rigid walls, with or without pleuritic 
adhesions, in which the ultimate progress was doubtful under incom- 


Cases in which recurrent haemoptysis was not relieved by artificial 

Cirrhotic types of tuberculosis with cavitation, in which healing did not 

occur alter prolonged 7 


Cirrhotic types of tuberculosis without cavitation, in which healing did not 


Total number of indications for thoracoplasty...................02085 


TABLE 9 
Complications of thoracoplasty 


NUMBER OF CASES 


Progression of disease to healthy lung. ..............sccccesccccccecess 
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COMPLICATIONS OF THORACOPLASTY 


Thoracoplasty may be accompanied by certain complications, some of 
which are very serious. ‘Table 9 reveals that, of the 22 thoracoplasties 
done, in eight instances the operation was accompanied by a complica- 
tion. The character of these complications may be noted by referring 
to the table. 


INTERVAL OF TIME BETWEEN VARIOUS STAGES OF THORACOPLASTY 


Table 10 iltustrates the interval of time between the different stages of 
thoracoplasty. Ten patients underwent a two-stage operation. In 7 
patients the time between the first and second stage was from 1 to 2 
weeks; in 2 patients between 5 and 6 weeks; and in 1 patient, the interval 
between the first and second stage was from 6 to 7 weeks. 

Six of the patients had a three-stage type of thoracoplasty done. The 
time between the first and second stages has already been discussed in 
the previous paragraph. In 3 instances the interval between the second 
and third stages was 1 to 2 weeks, in 2 instances from 2 to 3 weeks, and 
in 1 case from 3 to 4 weeks. 


One patient had a thoracoplasty of four stages; the interval between 
the first and second stages was 6 to 7 weeks, between the second and third 
stages from 3 to 4 weeks, and between the third and fourth stages from 
3 to 4 weeks. 


TABLE 10 
Interval of time between stages of thoracoplasty 


FIRST AND SECOND STAGES | SECOND AND THIRD STAGES Ct ee 


1 to 2 weeks 7 3 
2 to 3 weeks 2 
3 to 4 weeks 1 
4 to 5 weeks 
5 to 6 weeks 
6 to 7 weeks 


PHRENIC-NERVE AVULSION 


Phrenic-nerve avulsion is the extraction of the intrathoracic portion 
of the phrenic nerve through an incision at the base of the neck. This 
surgical procedure in cases of pulmonary tuberculosis in which appro- 
priate indications exist may lead to striking improvement, but it rarely 
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resultsinacure. Itis a valuable adjunct to induced pneumothorax and 
as a supplement to surgical collapse. 

There were 100 cases of phrenic-nerve avulsion done among the group 
of patients under consideration. Table 11 shows that there were 110 
indications for phrenic-nerve avulsion in these 100 patients. 

The principal indications for this surgical procedure were instances of 
pulmonary tuberculosis in which pneumothorax could not be induced on 
account of adhesions; cases in which thoracoplasty could not be done; 
as a palliative measure to control toxaemia and stop cough in desperate 


TABLE 11 
Indications for phrenic-nerve avulsion 


NUMBER OF CASES 


Asa test of the respiratory capacity of the contralateral lung preliminary to 

Cases with extensive unilateral tuberculous disease with several acute or 

quiescent lesions in the opposite lung.............esecccccecccccccens 3 
As a palliative measure to control toxaemia and stop cough in desperate 

cases with preponderant lesions in the corresponding lung............. 22 


Cases of moderately advanced or far advanced pulmonary tuberculosis in 
which good results were expected by phrenic-nerve avulsion in order to 
obviate prolonged treatment by other methods................0.0000: 6 

Chronic types of pulmonary tuberculosis in which pneumothorax could not 
be induced because of adhesions and also in which thoracoplasty could 


Total number of indications for phrenic-nerve avulsion................ 


Total number of phrenic-nerve 


cases with preponderant lesions in the corresponding lung; as an ad- 
junct to pneumothorax; as a test of the respiratory capacity of the con- ‘ 
tralateral lungpreliminary to thoracoplasty; cases withlower-lobelesions; 
cases with repeated haemorrhage; cases of moderately advanced or far 
advanced pulmonary tuberculosis in which good results were expected 
by phrenic-nerve avulsion in order to obviate prolonged treatment by 
other methods; and finally cases of extensive unilateral tuberculosis with 
several acute or quiescent lesions in the opposite lung. 
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EFFECTS OF AVULSION OF PHRENIC NERVE 


In order to learn what the effects of phrenic-nerve avulsion were, 
following the 100 operations referred to, attention is invited to table 12. 
It is noted that collapse of the lung was effective in 66 instances; adhe- 
sions were relaxed in 33 instances; cavities were contracted in 27 in- 
stances; cough was controlled in 32 instances; the amount of sputum was 
decreased in 31 instances; temperature was reduced in 18 instances; and 
in 10 instances no change was noted. 


TABLE 12 
Effects of avulsion of phrenic nerve 


NUMBER OF CASES 


Collapse of lung 

Relaxation of adhesions 
Contraction of cavities 
Controlling cough 

Diminution of amount of sputum 


TABLE 13 
Results with phrenic-nerve avulsion done as a test preliminary to thoracoplasty 


NUMBER OF CASES 


Number of cases with favorable results followed by thoracoplasty 6 
Number of cases with unfavorable results with contraindications to 
thoracoplasty 5 


In reviewing table 13 it is noted that in 11 instances phrenic-nerve 
avulsion was done as a test preliminary to thoracoplasty, following 
which, in 6 cases, the results were favorable and thoracoplasty was done, 
while in 5 cases the results of the operation were unfavorable and thora- 
coplasty was not attempted. 

Of the 100 phrenic-nerve avulsions but 1 case was followed by a com- 
plication, that of reflex cardiac and respiratory disturbance. 


RESULTS OF THORACIC SURGERY IN PULMONARY TUBERCULOSIS 


In analyzing the results of thoracoplastic operations used in the treat- 
ment of pulmonary tuberculosis (table 14) it might be well to include the 
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various types in one group. In so doing it is found that, following 22 
thoracoplastic operations, improvement with capacity to work occurred 
in 4 cases; 9 thoracoplasties were accompanied by slight improvement; 
4 resulted in a stationary condition; in 1 instance the operation was fol- 
lowed by a retrogression of the tuberculous disease; and in 4 instances 
thoracoplasty was followed by death. 

Of 100 phrenic-nerve avulsions, 5 were followed by improvement of the 
patient with capacity to work; 43 by slight improvement; 27 by a 
stationary condition; 17 by a retrogression of the disease; and 8 by death. 


TABLE 14 
Results of thoracic surgery in pulmonary tuberculosis 


IMPROVE- 
MENT | SLIGHT a CONDI- 
WITH | IMPROVE-| _TION piep | TOTAL 

CAPACITY MENT ARY WORSE 

TO WORK 


Limited thoracoplasty................. 2 7 2 11 


Thoracoplasty, one-stage operation..... . 1 1 
Thoracoplasty, two-stage operation... .. 1 2 1 
Thoracoplasty, three- or more-stage 

2 1 1 2 6 
Avulsion of phrenic nerve.............. 5 43 27 17 8 100 
Drainage operation (opening of cavities, 

Jacobaeus 1 1 


23 
15.03 


22 
14.38 


36 
23.53 


100.0 


40.52 


Of 30 drainage operations, 10 were followed by slight improvement; 
5 by a stationary condition of the patient; 4 by a retrogression; and 11 
by death. 

There was but one Jacobaeus operation performed; this operation was 
followed by improvement of the patient, with capacity to work. 

In considering the results following the total number of surgical opera- 
tions for pulmonary tuberculosis it is found that 47.06 per cent of the 
operations were followed by improvement with capacity to work or 
with slight improvement; in 23.53 per cent of the cases the condition was 
stationary; in 14.38 per cent of the operations the tuberculous disease 
became worse; and 15.03 per cent of the operations were followed by 
death of the patient. 
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RELATION OF RESULT OF OPERATION TO LUNG AFFECTED 


A review of table 15 shows that, of 153 operations, 88 were for disease 
of the left side, and 65 for disease of the right side. Of the 88 left-side 
operations, 43, or 48.8 per cent, were followed by either improvement or 
slight improvement; of the 65 right-side operations, 29, or 44.6 per cent, 
were followed by improvement or slight improvement; 14, or 15.9 per 
cent, of the left-side operations, and 9, or 13.8 per cent, of theright-side 
operations were followed by death. 

It is thus seen that while surgical treatment yields slightly better 
results in tuberculosis of the left lung, yet at the same time the death- 
rate following surgical treatment of this side is a little higher than the rate 
following the surgical treatment of disease of the right lung. 


TABLE 15 
Results of treatment according to lung affected 


LUNG AFFECTED 


Left side Right side 


Improvement with capacity to work 3 
Slight improvement 26 
Condition stationary 18 
Condition worse 9 
9 


65 


DISTRIBUTION OF TUBERCULOUS LESIONS OF THE LUNGS 


A study was made of the distribution of tuberculous lesions of the lungs 
in cases selected for surgical treatment. The result of this study may be 
found in table 16. It is noted that 41, or 26.8 per cent, of 153 surgical 
operations were done on patients with unilateral disease; 53, or 34.6 per 
cent, of the total number of operations were done on patients with 
bilateral tuberculous disease, in which one-third of the better lung was 
involved; 54, or 35.3 per cent, of the operations were done on patients 
with bilateral disease with more than one-third of the better lung in- 
volved; while in 5 cases, or 3.3 per cent, there was basal involvement. 

While the general opinion of chest surgeons is that unilateral cases 
are most suitable for surgical intervention, it is noted that 107 operations 
out of a total of 153 were done in cases with bilateral involvement. 
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TABLE 16 
Surgical procedure with reference to distribution of tuberculous lesions of the lung 


Pal 
< Zz 
= Zz Bz | ad 
<i <a < oo ° 
a | 88 | 88 | 8 
as as ase sa ia 
Bilateral with less than one- 
third of better lung involved..} 3 1 2 40 7 53 
Bilateral with more than one- 
third of better lung involved..| 1 41) 11 1 54 
Basal involvement............. 


RESULTS OF SURGICAL TREATMENT ACCORDING TO AMOUNT 
OF LUNG INVOLVED 


In order to ascertain whether or not the results of surgical treatment 
are dependent to a certain extent upon the distribution of tuberculous 
lesions, a study was made, the results of which may be found in table 17. 
Of 41 surgical operations for pulmonary tuberculosis, in which the tuber- 
culous lesions were unilateral, 5 were improved following the operation; 
14 were slightly improved; in 10 instances the condition was stationary; 
in 5 instances the condition was worse; and 7 operations were followed 
by death. 

Following operations on 53 cases with bilateral lesions, in which less 
than one-third of the better lung was involved, in 3 instances there was 
improvement with capacity to work; 23 showed slight improvement; 
12 operations were followed by the disease becoming stationary; in 9 
instances the condition became worse; and 6 operations were followed by 
death. 

Fifty-four operations were performed on patients with bilateral lesions 
in which more than one-third of the better lung was involved. This was 
followed by improvement with capacity to work in 1 case; in 22 instances 
there was slight improvement; in 14 instances the condition was station- 
ary; in 8 instances the condition was worse; and 9 operations were fol- 
lowed by death. 

There were 5 surgical operations on patients with basal involvement 
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of the lungs. These were followed by improvement with capacity to 
work in 1 case; 3 cases were slightly improved; and in 1 case death 
ensued. 

It is noted that the best results with surgical treatment were observed 
in the 5 cases with basal involvement, 80 per cent of which were either 
improved with capacity to work or slightly improved; the next best 
results were obtained in the bilateral cases with less than one-third of the 
better lung involved, of which 49 per cent were followed by improvement 
with capacity to work or slight improvement; the unilateral cases came 
next, with benefit to 46.3 per cent of the number; the worst results were 
obtained in the bilateral cases with more than one-third of the better 
lung involved, in which 42.5 per cent of the operations were followed by 
benefit to the patient. 


TABLE 17 
Results of surgical treatment of tuberculosis with reference to amount of pulmonary involvement 


IMPROVE- 
MENT SLIGHT TION CONDI- 
DISTRIBUTION OF TUBERCULOUS LESIONS WITH | IMPROVE- STATION- TION 


CAPACITY} MENT ARY WORSE 


CONDI- 


TO WORK 


Unilateral 5 14 10 5 
Bilateral with less than one-third of bet- 
ter lung involved 3 12 9 
Bilateral with more than one-third of 
better lung involved | 14 8 
Basal involvement 1 


10 36 22 23 
6.54 : 23.53 | 14.38 | 15.03 | 100.0 


The mortality was highest in those cases with basal involvement; 
the next highest mortality rate was in the unilateral cases; the lowest 
mortality, that of 11.3 per cent, was among the bilateral cases with less 
than one-third of the better lung involved. 


EFFECT OF THORACIC SURGERY UPON COLLAPSE OF CAVITIES 


In the use of the various surgical procedures in the treatment of pul- 
monary tuberculosis, it was noted that 107 of the patients had cavities. 
Thirteen of the patients had small cavities (under 1 inch); 22 had 
medium-size cavities (under 2 inches); and 72 had cavities of 2 inches or 


over. 


DIED TOTAL 
7 41 
6 53 
9 54 
1 5 
EE 
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Of the total number of patients with cavities (107), in 7 instances, or 
6.54 per cent, surgical treatment resulted in a disappearance of the 
cavities; in 40, or 37.38 per cent, there was a diminution of the size of the 
cavities; and in 60, or 56.08 per cent, the size of the cavities was un- 
changed. (Table 18.) 


TABLE 18 
Effect of thoracic surgery upon collapse of cavities 


MEDIUM- 


SMALL — LARGE 
EFFECT ON CAVITY CAVITIES | cavrrizs | CAVITIES TOTAL | PERCENT 
(UNDER 1 (2 INCHES 
INCH) (UNDER2 | op wore) 
INCHES) 


4 6.54 


13 72 100.00 


107 


EFFECT OF SURGICAL OPERATION ON NONCOMPRESSED LUNG 


In effecting complete collapse of one lung, it is essential that the non- 
compressed lung carry on the respiratory function efficiently. On 
account of the increased volume of work falling upon the noncompressed 
lung it is important that it be closely observed for any ill effects, and that 
corrective measures be instituted as soon as signs appear. 

A study was made of the noncompressed lung following a series of 134 
operations, and it was found that in 21 instances improvement of the 
physical signs of the noncompressed lung resulted; in 22 instances the 
tuberculous lesions became more extensive; and in 91 instances there was 
no change in the physical signs. 


TABLE 19 
Effect of surgical operation upon tuberculous lesions of the noncompressed lung 


NUMBER OF CASES 


CONDITION OF LESIONS OF NONCOMPRESSED LUNG 


Improvement in physical signs of noncompressed lung.................- 21 
Tuberculous lesions increased or extended................ccceesccceees 22 


134 
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SEROUS EFFUSION OF NONCOMPRESSED LUNG FOLLOWING SURGERY 


In a few instances following thoracic surgery it was noted that serous 
effusion developed on the unoperated side. By referring to table 20 
it is found this complication was experienced in 3 instances. These 3 
complications arose following avulsion of the phrenic nerve. 


TABLE 20 
Serous effusion of the unoperated side as a complication of surgical treatment of tuberculosis 


NUMBER OF CASES 


3 
150 


153 


Serous effusion of unoperated side 
No serous effusion of unoperated side 


EFFECTS OF SURGICAL TREATMENT ON TUBERCLE BACILLI OF SPUTUM | 


Surgical intervention for pulmonary tuberculosis has for its object the 
elimination of purulent contents present in the cavities, bronchioles and 
alveoli. When the purulent exudate is removed it should result in a 
disappearance of tubercle bacilli. Then too, by eliminating the diseased 


foci and preventing their spread, a decrease of the number or a total 
disappearance of tubercle bacilli may result. 

The data in table 21 indicate that in 128 instances tubercle bacilli 
were present in the sputum before operation, and in 25 instances no 
tubercle bacilli were found. After operation, in 112 instances tubercle 
bacilli were found in the sputum and in 39 instances no tubercle bacilli 
were found. In 2 instances no examination for tubercle bacilli was made 
after surgical treatment. 

It is thus seen that surgical intervention did not very materially affect 
the tubercle bacilliin the sputum. The possible explanation is that some 
of the microérganisms have their origin in the noncompressed lung. 


TABLE 21 
Effects of surgical treatment on tubercle bacilli of sputum 


BEFORE AFTER 
OPERATION OPERATION 


Tubercle bacilli in sputum 128 112 
No tubercle bacilli in sputum 25 39 
No examination for tubercle bacilli after surgical operation... .. 0 2 


153 153 
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EFFECTS OF SURGERY UPON AMOUNT OF SPUTUM 


One of the objects of the surgical treatment of pulmonary tuberculosis 
is the elimination of exudate and the reduction of the amount of sputum, 
inasmuch as the presence of an excessive amount of sputum implies 
expectoration, undue exertion, sleeplessness, and a train of other dis- 
agreeable symptoms. 

The effects of surgical treatment of pulmonary tuberculosis on the 
amount of sputum may be learned by referring to table 22. It is found 
that, following 153 surgical operations, there was an increase of the 
sputum in 16 instances; 66 operations were followed by a decrease of 
sputum; and in 71 instances no effect was noted on the amount of 
sputum. 

On the whole, the results of surgical treatment of pulmonary tuber- 
culosis upon the quantity of sputum were quite favorable. 


TABLE 22 
Effects of surgical treatment of pulmonary tuberculosis on amount of sputum 


° = rs) z 
n 
¢ | ES | ES |, | 
q | | | sac} 3 


Increase of sputum............. 1 1 10 4 16 
Decrease of sputum............ 6 3 41 13 1 66 
No effect on amount of sputum..| 4 1 2 49 13 71 

11 1 6 | 100 30 1 | 153 


EFFECTS OF SURGERY UPON COUGH AND EXPECTORATION 


Of the symptoms of pulmonary tuberculosis, cough and expectoration 
are outstanding and most troublesome. When these are present con- 
tinually, they result in undue exertion and may interfere with the arrest 
or the cure of the disease. An attempt was therefore made to ascertain 
the effect of surgery upon cough and expectoration. The data in table 
23 indicate that, following 153 operations, there was an increase of cough 
and expectoration in 14 instances; 64 operations were followed by a 
decrease of these symptoms; in 75 instances there was no effect. On 
the whole, the effect of surgical intervention on cough and expectoration 
was very satisfactory. 
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TABLE 23 
Effects of surgical treatment of pulmonary tuberculosis on cough and expectoration 


Two- 


STAGE OPERATION 
(OPENING OF CAVITIES, 


STAGE OR MORE OPER- 
ETC.) 


STAGE OPERATION 
ATION 


LIMITED THORACOPLASTY 
THORACOPLASTY, ONE- 
THORACOPLASTY, THREE- 
AVULSION OF PHRENIC 
DRAINAGE OPERATION 
JACOBAEUS OPERATION 


THORACOPLASTY, 


Increase of cough and ex- 
pectoration 

Decrease of cough and ex- 

No effect on cough and ex- 
pectoration 4 17 


11 30 


EFFECTS OF THORACIC SURGERY ON TEMPERATURE 


The effect of surgical treatment upon the temperature following 153 
operations may be learned by reviewing table 24. It is noted that, 
before surgery was instituted, in 98 cases pyrexia was present; after the 


operation but 68 cases showed pyrexia; before surgery was instituted 
in 55 instances fever was not present, while after surgery 84 cases showed 
an absence of fever. 

It may, therefore, be concluded that surgery has a decided effect in 
the reduction of temperature in an appreciable number of cases of 
pulmonary tuberculosis. 


TABLE 24 
Effects of surgical treatment of pulmonary tuberculosis on temperature 


BEFORE TREATMENT| AFTER TREATMENT 


98 68 
55 84 
i 


153 153 


EFFECTS OF SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS 
ON WEIGHT 


Inasmuch as gain of weight by patients with pulmonary tuberculosis 
is an indication of favorable progress, an attempt was made to ascertain 


826 
| 
! 
| 
9 
& 
| 14 
1 64 
75 
1 | 153 


SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS 827 


the effect of surgical treatment upon the weight of the patients. The 
data in table 25 indicate that, following 153 operations, there was an 
increase of weight in 52 instances; 40 operations were followed by a 
decrease of weight; and in 59 instances there was no effect on weight. 
It is thus seen that surgical treatment had a favorable effect on the weight 
of patients so treated. 


TABLE 25 
Effects of surgical treatment of pulmonary tuberculosis on weight 


> 
| | Sa | Sen] | & 
a 88 | | | 8 
| | b2 | soa] 8 
Increase of weight............. 6 1 3 2; 1 52 
Decrease of weight............. 3 1 26} 10 40 
No effect on weight............ 2 1 y. 1 45 8 59 
beticssnweranavneeneees 11 1 4 6 100 | 30 1 153 


TYPE OF ANAESTHESIA 


There is a good deal of difference of opinion as to the best type of 
anaesthesia for thoracic surgery in the treatment of pulmonary tuber- 
culosis. Most observers object to chloroform andether. A great many 
chest surgeons think well of gas anaesthesia, while others prefer a com- 
bination of gas and local anaesthesia. 

In the Bureau hospitals most of the surgical operations were done 
under novocaine anaesthesia. Ether was used in one operation only. 
(Table 26.) 


TABLE 26 
Type of anaesthesia in the surgical treatment of pulmonary tuberculosis 


NUMBER OF CASES 


1 
152 


va 
Ether 
“Tot 153 
at 
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DEATH FOLLOWING THORACIC SURGERY 


It was previously brought out that 23 of the patients who had received 
surgical treatment for pulmonary tuberculosis died following the opera- 
tion. Of the 23 deaths, 4 had had a thoracoplasty; 8 an avulsion of the 
phrenic nerve; and 11 had had a drainage operation. Fourteen of the 
23 deaths were in cases in which the tuberculous disease was in the left 
lung, and in 9 instances the disease was in the right lung. Of the 23 
deaths, 4 occurred within 4 weeks of operation, and 19 occurred more than 
four weeks after the operation. One of the 4 deaths occurring within 4 
weeks of the operation was due to carcinoma of the stomach. 


TABLE 27 
Causes of death following surgical treatment of pulmonary tuberculosis 


NUMBER OF NUMBER OF 
CASES OCCURRING|CASES OCCURRING 
WITHIN 4 MORE THAN 4 


WEEKS WEEKS AFTER 
OF OPERATION OPERATION 


Operative shock 1 

Absorption of tuberculo-proteins 1 

Myocarditis 1 

Pulmonary oedema 

Tuberculous complication of sound lung 

Nephritis 

Pulmonary haemorrhage 

Carcinoma of stomach 

Far advanced terminal tuberculosis complicated 
by empyema and terminal peritonitis 

Advanced active tuberculosis with preponderant 
lesions on one side, not considered due to 
operation 

Patient died after leaving hospital, cause of death 


1 1 
19 23 


It is noted (table 27) that 7 of the 23 deaths were due to absorption of 
tubercle-bacillus toxins; in 3 instances death was due to pulmonary 
oedema; in 3 instances death was due to a tuberculous complication of the 
sound lung; and in 2 instances the patients had advanced active tuber- 
culous disease in which the operation was not considered the cause of 
death. In one case the patient died after leaving the hospital and the 
cause of death was unknown. 
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INTERVAL OF TIME BETWEEN OPERATION AND DEATH 


Table 28 indicates the interval of time between operation and death. 
It is noted that four of the deaths occurred within 2 weeks and 8 deaths 
within 2 months of operation. The remaining deaths occurred from 2 
to 6 months or longer after the operation. 


TABLE 28 
Interval of time between operation and death 


NUMBER OF CASES 


SUMMARY AND CONCLUSIONS 


1. This study is based upon data received from a number of U. S. 
Veterans hospitals in which patients with pulmonary tuberculosis were 
treated by means of various surgical procedures. In evaluating the 
results of treatment it must be borne in mind that only 8 per cent of the 
patients with pulmonary tuberculosis admitted to U. S. Veterans hospi- 
tals are in the incipient stage, and 92 per cent are in the moderately 
advanced or far advanced stages. 

2. The data received from the hospitals were upon 149 patients with 
pulmonary tuberculosis treated by surgery other than induced pneumo- 
thorax; the number of surgical operations performed was 153; there were 
33 patients with pulmonary tuberculosis who had indications for thoracic 
surgery but refused to undergo this form of treatment. 

3. Forty-three, or 28.85 per cent, of the 149 Bureau beneficiaries were 
observed for various periods up to 6 months following thoracic surgery; 
51, or 34.23 per cent, from 6 months to 1 year; and 55, or 36.92 per cent, 
for various periods from 1 to 9 years. 

4. Most of the patients who underwent surgical treatment were 
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between the ages of 26 and 35 years. It is believed that one of the 
reasons for the favorable outcome of the Bureau cases is the fact that the 
subjects were within the younger age-groups. 

5. The majority of the patients selected for this form of treatment had 
tuberculous pulmonary lesions which had been treated from 1 to 10 
years. It is believed that the favorable results obtained in the group 
studied were in part due to the fact that the patients showed evidence of 
fibrosis and an attempt by nature to repair the diseased foci. 

6. There were various types of tuberculous lesions and chest ab- 
normalities among the patients treated by surgery. The most common 
of these, in the order of frequency, were cavitation, fibrosis, extensive 
pleural adhesions, exudative lesions, and retraction and deviation of the 
thoracic viscera. 

7. There were but two patients of the series with pulmonary indications 
for chest surgery in whom contraindications also existed; one was a 
patient with nephritis and the other myocarditis. 

8. Of the total number of operations performed, the majority were 
phrenic-nerve avulsions; next in the order of frequency were drainage 
operations, various types of thoracoplasty, and the Jacobaeus operation. 

9. It was noted that in those patients who underwent a thoracoplasty 
usually two or more indications existed for this surgical procedure. The 
most common indications for this procedure were, in the order of fre- 
quency, failure of other forms of treatment; cases with adhesions in which 
pneumothorax could not be performed; cirrhotic types of tuberculosis 
with cavitation, in which healing did not occur after prolonged observa- 
tion; and cases with large cavities having rigid walls in which ultimate 
progress was doubtful under incomplete pneumothorax. 

There were several complications following thoracoplasty operations. 
These consisted of delayed healing, wound infection, tachycardia, cardiac 
failure, operative shock, and progression of the tuberculous disease to the 
healthy lung. 

10. There were 100 cases of phrenic-nerve avulsion. The patients so 
treated had 110 indications for this surgical procedure. The following, 
in the order named, were the most frequent indications: In chronic 
types of pulmonary tuberculosis in which pneumothorax could not be 
induced because of adhesions and also cases in which thoracoplasty could 
not be done; as a palliative measure to control toxaemia and stop cough; 
as an adjunct to pneumothorax; as a test of the respiratory capacity of 
the contralateral lung preliminary to thoracoplasty; cases with lower- 
lobe lesions; and to control haemorrhage. 
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The effects of phrenic-nerve avulsion in the order of frequency were 
as follows: Collapse of lung, relaxation of adhesions, control of cough, 
the diminution of the amount of sputum, and the contraction of cavities. 

11. The results of surgical operations for pulmonary tuberculosis 
were as follows: 47.06 per cent of the operations were followed by im- 
provement with capacity to work or with slight improvement; 23.53 
per cent of the cases were followed by a stationary condition; the tuber- 
culous disease became worse in 14.38 per cent of cases; and 15.03 per cent 
of the cases were followed by death. 

12. Of the total number of operations, the majority were for tuber- 
culous disease of the left side; the results of surgical treatment were 
slightly better in the cases with tuberculosis of the left lung. On the 
other hand, the death-rate following thoracic surgery of the left lung was 
higher than that following surgery of the right lung. 

13. While the general opinion of thoracic surgeons is that unilateral 
cases are more appropriate for surgical intervention, it is noted that 
107 operations, out of the total of 153, were in cases with bilateral in- 
volvement. 

The best results with surgical treatment were observed in cases with 
basal involvement; the next best results were observed in bilateral cases 
with less than one-third of the better Jung involved; the unilateral cases 
came next; the poorest results were obtained in the bilateral cases with 
more than one-third of the better lung involved. 

The mortality rate was highest in those cases with basal involvement; 
the next highest mortality rate was in the unilateral cases; the lowest 
mortality was among the bilateral cases with less than one-third of the 
better lung involved. 

14. There were 107 patients with pulmonary lesions characterized by 
cavity-formation. Ina few instances surgical treatment was followed by 
the disappearance of the cavities; in a large number of cases a diminution 
of the size of the cavities took place; in most instances, however, the 
size of the cavities was unchanged. 

15. A study of the noncompressed lung following thoracic surgery 
showed that, in a considerable number of cases, improvement of the 
physical signs of the contralateral lung followed. However, these 
beneficial results were offset by the fact that in approximately an equal 
number of cases the tuberculous lesions in the contralateral lung became 
more extensive; in the majority of instances there was no change in the 


physical signs of the noncompressed lung. 
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16. This study indicates that surgical treatment, in most instances, 
does not cause a disappearance of tubercle bacilli from the sputum. 
The possible explanation is that some of the microérganisms have their 
origin in the noncompressed lung. 

17. Following thoracic surgery a considerable number of patients 
showed a diminution of the quantity of sputum, a decrease of cough and 
expectoration, a decided reduction of temperature, and an increase of 
weight. 

18. All but one of the surgical operations were done under local 
novocaine anaesthesia. 

19. Of the total number of 149 patients who received surgical treat- 
ment for pulmonary tuberculosis, 23 died following the operation; of the 
23 deaths, 4 had had a thoracoplasty, 8 an avulsion of the phrenic nerve, 
and 11 had had a drainage operation. 

Of these deaths, 4 occurred within 2 weeks of the operation, and 19 
occurred more than 4 weeks after operation, 8 of the latter occurring 
within 2 months of the operation, and 11 occurring from 2 to 6 months 
or longer after the operation. 

It is desired to acknowledge the codperation, in this study, of the medical officers in the 
field. 
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STUDIES ON EXPERIMENTAL PNEUMONOKONIOSIS! 


V. THE REACTIVATION OF HEALING PRIMARY TUBERCLES 
IN THE LUNG BY THE INHALATION OF QUARTZ, 
GRANITE AND CARBORUNDUM DUSTS 


LEROY U. GARDNER 


Clinical investigators have generally assumed that the terminal tuber- 
culosis which causes the death of at least one-fourth of individuals 
suffering from silicosis is the result of infection with tubercle bacilli 
acquired during industrial life. In previous communications (1) (2) 
the author has raised the question of whether it may not also be possible 
that the long-continued inhalation of certain types of dust may reactivate 
old, partially healed foci of tuberculous infection, and that from such 
activated foci an endogenous reinfection may occur. 

This question seems amenable to experimental investigation. With the 
Saranac Laboratory strain of tubercle bacillus, Ri, a means is at hand 
to produce true tuberculous infection which tends to heal spontaneously 
(3). When normal guinea pigs are made to inhale this microérganism 
the typical lesion of a “primary complex” develops in their lungs and 
tracheobronchial lymph nodes. Under ordinary conditions the pul- 
monary tubercles remain localized and exhibit no tendency to spread. 
Previously reported experiments (4), however, have demonstrated that 
the inhalation of carborundum dust, when commenced on the day after 
infection and continued for a period of at least three months, will finally 
bring about dissemination from the primary foci of infection and produce 
an acute pneumonic form of tuberculosis. By properly combining 
these two agents it should be possible to demonstrate whether inhaled 
dust will reactivate a healing focus of tuberculous infection. 

An experiment was planned in the following manner: At serial inter- 
vals after inhalation infection with the R1 strain of tubercle bacillus, 
three groups of animals were to be removed to three dusting chambers 
where exposures to quartz, granite and carborundum dusts were to be 
continued throughout the remainder of their lives. As a check on the 


1From the Saranac Laboratory for the Study of Tuberculosis, the Edward L. Trudeau 
Foundation, Saranac Lake, New York. 
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virulence of the strain of the tubercle bacillus, undusted controls were to 
be examined at the time when each group was placed in the dusting cham- 
ber, and still others at the completion of the experiment. It was not 
thought necessary to include controls to the unaided action of dust, as 
previous experiments had already established the changes to be expected 
from the three dusts used. 


EXPERIMENTAL PROCEDURE 


Infection: 95 guinea pigs, 53 females and 41 males, weighing between 250 and 
400 gm. and averaging 300 gm., were infected by inhalation with R1 tubercle 
bacilli, grown ten days on glycerine-broth. A portion of pellicle was tri- 
turated in a mortar; 15 cc. of physiological salt solution were added. The 
suspension was centrifugated at high speed for five minutes and the super- 
natant fluid was filtered through paper. Examination of the water-clear 
filtrate showed an average of 10 isolated bacilli per oil-immersion field. Each 
animal was made to inhale five puffs of this suspension from a DeVilbiss 
“vaporizer.” The details of this method of infection have been described 
elsewhere (5). 

At the following intervals after infection, 54, 87, 112, 151, 177 and 206 
days, one animal was killed, and four were placed in each of three dusting 
chambers, where they inhaled either quartz, granite or carborundum dusts. 
Four hundred days after infection, enough animals survived to place four in 
the carborundum room. None could be exposed to quartz or granite at this 
time. Four animals were saved as infection controls to be killed at the end 


of the experiment. 


The Dusts: A chemical analysis showed that the quartz dust employed con- 
tained 99.34 per cent SiO, with 0.70 per cent FeO; and Al,O;. The granite 
had only about 25 per cent free silica. Carborundum, according to the 
analysis furnished by the manufacturers, contains only about 0.25 per cent 
SiO., a very small percentage of iron and alumina, and over 99 per cent of 
silicon carbide. 

Dust exposures were conducted in well-lighted rooms, the quartz and 
carborundum measuring approximately 18 by 10 by 15 feet in diameter, and 
the granite room 8 by 15 by 20 feet. The majority of the animals were 
placed, 4 in a cage, on racks about 4 feet above the floor, but in the carbo- 
rundum and granite rooms a part of the animals were kept in long common 
pens on the floor. The dust was delivered from a horizontally placed drum, 
open at the top, 18 by 24 inches in diameter, in which a paddle driven by a 
belt from shafting kept the dust agitated. 

The concentrations of the dusts suspended in the atmosphere of the rooms 
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were determined by Mr. J. J. Bloomfield, Assistant Physical Chemist of the 
United States Public Health Service, using a Greenburg-Smith impinger 
apparatus. The following table summarizes his findings, the figures repre- 
senting averages of six determinations in each room except the control, 
where only two were made: 


MILLIONS OF |MILLIONS OF or| CENT 

MILLIONS OF OF TOTAL 
PARTICLES | PARTICLES | EFFECTIVE | papticirs 
DUST ROOM PER CU. FT. | PER CU. FT. | 52> cy. pr.| PARTICLES, | rics THAN 


BETWEEN | BETWEEN LE., UNDER 
UNDER 1.54 10u IN 
10u + 100u| 1.54 + DIAMETER 


3.233 | 670.333 | 188.383 | 859.116 
1.861 | 491.755 | 465.243 | 956.998 
Cat 1.767 | 351.467 | 288.700 | 640.167 
0.082 4.990 | 22.086 | 27.076 


SESS 
CO 


The dust inhalations were continued for 8 hours daily, with the exception 
of Sundays in most instances, throughout the life of the animal. One year 
before terminating the experiment all the animals except six in the car- 
borundum series had died or were killed. They were removed from the 
dusting chamber and set aside in a normal atmosphere. Of these survivors 
four died in the next four months of pneumonia; the two remaining were 
killed one year after cessation of the dust exposure. 


DESCRIPTION OF LESIONS 


It is to be regretted that more animals were not available for study at 
the completion of the experiment, but two factors considerably reduced 
the number originally used for the experiment. Endemic pneumonia, 
generally caused by the Friedlander bacillus, was a serious complication, 
particularly in the granite series, in which 78.2 per cent of the 27 guinea 
pigs exposed were more or less severely affected. Of 21 animals in the 
carborundum series, the incidence was 61.9 per cent, and among the 23 
in the quartz series it was-34.7 per cent. In the undusted infection- 
control group of 13 animals the rate was 23 per cent. The relative ‘ 
incidence of this troublesome infection in the animals exposed to these 

three types of dust is in general agreement with previous experience in 4 
other experiments. All of the animals affected were not discarded in 
the final analysis of the experiment. Ifthe disease was an acute terminal x 
manifestation, or if it was chronic but involved only one or two lobes of | 
the lung, it was generally possible to observe the reaction produced by a 
the dust upon the specific tuberculous infection. A second factor which 3 
eliminated a few animals was loss of identification. The experiment i 


hy 
i 
ag 
ay 
ay 
| 
| 
| 
| 
| 
a 


836 LEROY U. GARDNER 


extended over a period of three years and nine months, and in a few cases 
the distinguishing marks were obliterated. 


TABLE 1 
Infection controls 


NUMBER 


DURATION OF INFEC- 


CONDITION OF PRI- 
MARY TUBERCU- 
LOUS FOCI IN LUNG 


SPREAD OF TUBER- 
CULOSIS IN LUNG 


PLEURISY 


TRACHEOBRONCHIAL 


LYMPH-NODE TUB- 
ERCULOSIS 


“TI Ww 


Q 

a 


Active 
Active 


Active 
Active 
Active 
Active 

0 


oo 


SPLEEN 


OTHER 
DISEASES 


REMARKS 


0 
Peritonitis 


0 
Pn (1)* 
Pn (5) - 
0 
Pn (5) 
0 


Killed 
Trauma; 
only 
Killed 
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The primary foci have been designated as active when the tuberculous process is appar- 
ently increasing in intensity and extent; as inactive when retrogression has commenced 
(dry caseation surrounded by cellular connective tissue); as healing when composed only 
of cellular connective tissue; and as healed when only a slight amount of pulmonary scar 


tissue and a pleural cap remain. 
*Pn=pneumonia. The figures in parentheses refer to the number of lobes involved. 


Infection Controls 


The course of the R1 inhalation infection in the undusted animals was 
in no way unusual. A summary of the findings in this group is shown in 
table 1. 

During the first few months after infection, the number of subpleural 
pulmonary tubercles generally ranged from 14 to 20 (in one case only 8 
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were found). This is approximately the number to be expected with the 
dosage of Ri used for inhalation. Resolution proceeded at the usual 
rate. By 112 days the majority of the subpleural tubercles consisted of 
a fibrous, noncellular capsule, infiltrated with lymphocytes surrounding 
a dry, shrunken, caseous centre, the condition designated as inactive in 
table 1. In the tracheobronchial lymph nodes the tubercles were still 
caseous. Between 112 and 306 days the pulmonary tubercles had be- 
come smaller in size, and the amount of fibrosis had increased at the 
expense of the central caseous core, the phase called healing in table 1. 
In one animal killed on the 188th day, foci of calcification were observed 
both in the lungs and tracheobronchial lymph nodes. The lymph-node 
lesions generally still contained some caseation, although the amount of 
fibrosis steadily increased. 

On the 654th day, the four remaining controls were killed, as only a 
few dusted animals were still alive. ‘These showed pulmonary tubercles 
which were small and largely fibrous in character. A few still contained 
dry caseation, and in one there was calcification; in other words, most of 
the lesions were “healed.” The tracheobronchial lymph-node tubercles 
had all become fibrous; one had a calcified centre, but no caseous lesion 
could be found.? In nb case was there evidence of any extension from 
the primary foci within the lung. 

The progress of the R1 lesions in the infection-control group was in 
every way comparable to the previous experience with this microérgan- 
ism. Sufficient time was not given for the absolute disappearance of all 
traces of the pulmonary tubercles, but in the last animals killed the lungs 
showed only a few small subpleural scars and an occasional focus of dry 
caseation, sometimes with calcification. This point should be particu- 
larly noted because of its bearing upon the results in guinea pigs similarly 
infected and subsequently exposed to the inhalation with dust. The 
process of resolution does not progress uniformly in all the pulmonary 
tubercles in any one animal, and much less in a group of animals. As 
long as morphological evidence of caseation can be detected, it is likely 
that some living tubercle bacilli may be present, even though the bacilli 
are not detected in stained sections. 


2 While tubercle was found in only about 50 per cent of the sections taken through the 
tracheobronchial lymph nodes, this does not indicate the absence of involvement of these 
organs. ‘The lesions are so small and circumscribed that often they are only discovered by 
serial sectioning. 
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Quaritz-Dust Inhalation 


Quartz dust has proved to be most satisfactory for experimental study. 
It is most potent in bringing about pathological reactions in relatively 
short periods of time, and its long-continued inhalation apparently does 
not unduly favor the development of endemic pneumonia. It is to be 
regretted that in this experiment sufficient animals did not survive to 
test the action of this dust on tubercles older than 206 days. 

Table 2 reveals that a spread of the tuberculous process occurred in 
all animals exposed to quartz dust 54 and 87 days after infection. Dur- 
ing this period it is assumed that the majority of the tubercles contained 
viable tubercle bacilli, so that dissemination might be expected to occur. 
Afterward, spread from the primary foci of infection was more irregular. 
After the 112-day period the process of resolution had commenced and 
few microdrganisms remained within the pulmonary tubercles. Of the 
groups transferred to the dust rooms 151 and 177 days after infection, 60 
per cent of the animals exhibited evidence of spread of the tuberculous 
process. In the last group, exposed when the infection was 206 days in 
duration, only one of the three guinea pigs showed progressive disease. 
Table 2 also shows that animals in those groups exposed to dust long 
after the date of infection only developed progressive tuberculosis when 
the dust exposure was long continued. Conversely, the members of 
the same groups, which died from accidental causes shortly after the ~ 
initiation of dust exposure, usually failed to present evidence of dissemi- 
nation. Number 62 is an apparent exception, but it may be explained 
on the ground that some of the primary foci were still very active, and 
that the action of the dust then brought about a rapidly progressive and 
fatal tuberculosis. 


Granite-Dust Inhalation 


The series of guinea pigs exposed to granite dust is less satisfactory 
because the high incidence of endemic pneumonia so greatly reduced 
the number of cases available in the final analysis. While the average 
length of life, group by group, was as great as that in the quartz series, 
chronic pneumonia in many cases must have materially influenced the 
development of lesions. On the other hand, when this disease occurred 
as a rapidly fatal terminal complication, the previous course of events 
could generally be determined. ; 

Table 3 demonstrates that granite dust exerts a much less potent effect 
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upon the tuberculous process than does quartz. Only 5 of the total 
number of 24 animals exposed showed any evidence of disseminated 
disease. At least 5 animals of the series, however, must be absolutely 
excluded on account of pneumonia. Among the small remaining group 
of 19 animals the incidence of spread is only 26.3 per cent, as contrasted 
with 73.6 per cent for the quartz-dust series. 

The distribution of the cases exhibiting evidence of spread, as shown 
in table 3, appears peculiar. If one throws out, however, all the animals 
of the first group because of the pneumonia, which may very well have 
prevented the occurrence of this change, the table is more intelligible. 
In the 87-day group, complicating pneumonia was less extensive and all 
animals showed spreading tuberculosis. By 112 days resolution was so 
well under way that the inhaled dust was without effect upon the lesions. 
The occurrence of dissemination in one member of the 206-day group is 
difficult to understand, but it has its counterparts among the quartz and 
carborundum series. 

Since the material for this part of the experiment has proved so un- 
satisfactory, unreported data from another source will be cited in corrob- 
oration of the present findings. Sixty guinea pigs were primarily in- 
fected by Ri inhalation (dosage, 5 puffs from a “vaporizer” containing 
a suspension of tubercle bacilli showing 6 isolated microérganisms and a 
few small clumps per oil-immersion field). Space was at a premium in 
the animal house, and, as these guinea pigs were small when infected, 
more than the usual number of animals were placed in each cage. From 
the start they failed to show normal gains in weight, and they fell prey 
to pneumonia and “enteritis.” In 5 months’ time, 34 had died from 
causes other than tuberculosis. Monthly intracutaneous tests showed 
weak reactions. Finally, the surviving 26 animals were transferred to 
pens in a room adjacent to a granite-dusting chamber. There they had 
ample space and light, but there was a considerable amount of fine gran- 
ite dust escaping constantly from the dusting chamber. For the original ' 
purpose of the experiment this factor was not considered important. 

Shortly after the change in accommodations the formerly under- 
nourished animals began to gain weight rapidly, but the skin tests showed 
a marked increase in intensity, which became progressively stronger in 
each succeeding month. Inseeking an explanation, it seemed plausible 
to suppose that the heightened skin sensitiveness was due to an activa- 
tion of the pulmonary tubercles by the inhalation of granite dust. 

The plan of the experiment was therefore changed to a study of in- 
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haled granite dust and its action on partially healed primary tubercle. 
The guinea pigs were allowed to continue residence in this dusty atmos- 
phere for a period of 326 days, during which time 4 died of pneumonia, 
and 6 were killed. On autopsy, no evidence of reactivation of the pul- 
monary tubercles could be detected. 

Attempting then to force the spread of the tubercle, the 16 animals 
still alive were exposed 8 hours daily in a dusting chamber to a much 
heavier concentration of granite dust. As measured by the sugar tube 
method, the atmosphere of this chamber contained 396,500,000 granite 
particles per cubic foot. At intervals from 2 to 61 days thereafter 
animals were autopsied, and again none showed any evidence of pro- 
gressive pulmonary tuberculosis. Eight guinea pigs survived to be 
killed on the 61st day; all were free from intercurrent infection. They had 
survived a total dust exposure of 387 days. During the first 326 days 
of this period the concentration of granite dust was low, possibly 100,000, 
000 particles per cubic foot, but these particles must all have been very 
fine. During the final 61 days the dust concentration was increased to 
that previously used in similar experiments. 

The conclusion drawn from this experiment was that granite dust in 
low concentrations did not affect primary nonprogressive tubercles as 
old as 174 days because by that time the foci were presumably too com- 
pletely healed. The cause of the increased skin hypersensitiveness was 
a result of the improvement in nutrition when the animals were re- 
moved from their crowded cages. The latter conclusion has since been 
amply verified. 

The subsidiary evidence trom this more or less accidental experiment 
is in general accord with the present findings, for only one isolated in- 
stance of disseminated disease has been observed when the dust exposures 
were commenced as late as 177 days afterinfection. Itis to be regretted, 
however, that exposures to the heavier concentrations of dust were 
not continued longer than the 61-day period. 


Carborundum-Dust Inhalation 


Previous experience (4) had already demonstrated that carborundum 
dust is capable of causing dissemination of the ordinarily localized foci 
of primary R1 inhalation infection. In the former experiment, the dust 
exposure was commenced on the day of infection, but no evidence of 
spread was noted until the irritation had been continued for at least 3 
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months. In the present case the dust inhalation was begun at serial 
intervals after infection. The same results were obtained but with less 
regularity. While carborundum has not proved to be as potent as 
quartz in spreading this type of infection, nevertheless more or less 
generalized pulmonary tuberculosis has been encountered in 31.8 per 
cent of the 22 animals available for final microscopic analysis. 

The distribution of the animals exhibiting evidence of spreading disease 
was irregular. The majority occurred in the three groups exposed dur- 
ing the first 112 days after infection; but in the last two groups exposed 
after 206 and 400 days, respectively, local spread of the infection, subse- 
quently followed by arrest, was encountered twice, and one member of 
the last group showed generalized disease. Moreover, there were de- 
cided differences in animals which were killed on the same day after 
having been subjected to apparently identical treatment. For example, 
numbers 36 and 37 were both killed 1385 days after infection. The for- 
mer showed active and progressive tuberculosis, while the latter had 
only evidence of healed primary foci. And again in the last group, 
three animals (numbers 82, 84 and 85) were killed 654 days after infec- 
tion. In two of them the tuberculosis had spread, and in the other it 
had not. 

Resolution of the primary tubercles proceeded with great irregularity 
in the various guinea pigs of the group. ‘Traces of these lesions were 
found in 61.5 per cent of the entire carborundum series. Among the 
three groups of the first 112 days after infection, all but one animal, 
which died of pneumonia, exhibited traces of primary tubercle in the 
lungs and lymph nodes; thereafter, their occurrence was irregular and 
the majority of them were healing or healed. 


MICROSCOPIC CHARACTER OF LESIONS 


There are certain aspects of the reaction provoked in the normal cells 
of the guinea pig’s lung which have an important bearing upon the in- 
fluence of inhaled quartz, granite and carborundum on the tuberculous 
lesions. The supplementary data,? appended in footnote 3, demonstrate 


3 To establish a rate and degree of phagocytosis and to determine the effect of ingested 
dust particles upon the physiological activities of the cells, the following experiment 
has been made: Roughly equivalent suspensions of different dusts were injected into the 
peritoneal cavities of each of 2 guinea pigs. After 1 day and 3 days, samples were withdrawn 
and counts of the number of mononuclear cells containing dust and the number of particles 
per cell were made. The same animals were then injected intraperitoneally with a suspen- 
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that in the peritoneal cavity the rate and character of phagocytosis of 
different dusts is not uniform. These findings have their counterpart 
in the lung. Any dust particle reaching a pulmonary air-space is sooner 
or later ingested by a mononuclear phagocyte. As in the peritoneum, 
the behavior of this cell varies with the type of irritant. Quartz is 
phagocyted slowly and each cell ingests relatively few particles; granite 
and carborundum are taken up much more rapidly, and the majority 
of the active cells tend to become so engorged with dust that their in- 
ternal structure, including the nucleus, is almost obscured. The cells, 
however, do not appear to be killed by the ingested matter, for the nu- 
cleus, when it can be seen, still stains normally with haematoxylin, and 
the cytoplasmic elements react supravitally to neutral-red. Not all of 
the phagocytes contain such excessive amounts of these two dusts; a 
certain number can be found with relatively few included particles. 
Since each cell phagocytes so few particles, it is obvious that the number 
of phagocytes required to ingest a given amount of quartz dust will be 
much greater than that for the same amount of granite or carborundum. 


sion of tubercle bacilli. Four hours and 24 hours later counts were again made of the per- 
centage of the total number of mononuclear cells containing dust; those containing tubercle 
bacilli and those which had ingested both dust and bacilli were noted. The results for 
carborundum, soft coal, granite, and quartz dusts are summarized as follows: 


PER CENT OF _. | PERCENTAGE OF MONO- 
NUMBER OF |sizEor}| MONOCYTES AVERAGE NUMBER PER | Cyrrs WITH DUST AND 


PARTICLES PARTI- WITH DUST TUBERCLE BACILLI 
— PER CC. CLES 


24 hrs. | 3 days 3 days 24 hrs. 3 days 


Carborundum 
1 63.0 11.6 | Toomanyto| 12.4 


2 82,500,000 54.0 P count more} 10.6 
than 20 
Soft coal 


1 130,000,000 .8 | Too many to 
2 count more 
than 20 
Granite 
73,000,000 4-Sp 


Quariz 


1 153,000,000 | 
$6} 


5 | No fluid 
5 0.4 


0. 
0. 


The falling percentages of cells containing tubercle bacilli probably reflect the migration 
of cells into the fixed tissues. 
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Phagocytes containing a few quartz particles migrate rapidly and in 
great numbers. Many are seen within the alveolar septa, and more are 
massed about the margins of the peripheral perivascular ‘_ymphoid 
tissues. Very quickly they make their way into these structures, and 
those which are retained provoke local reactions. Other cells are 
carried through the lymphatics to the tracheobronchial lymph nodes, and 
as these organs serve as a point of concentration for foreign material 
from the entire lung, they quickly (3 to 6 months) become overloaded 
and exhibit evidences of vigorous reaction. When sufficient numbers of 
quartz-filled phagocytes penetrate a protecting surface-epithelium and 
accumulate in the underlying structures, connective-tissue cells respond 
by proliferation. As a result, “pseudotubercles” develop in the pe- 
ripheral pulmonary and tracheobronchial lymphoid tissues. In the latter 
location, particularly, the obstruction to the flow of lymph through the 
node results in a dilatation of the afferent lymphatics coursing through 
the vascular and bronchial trunks of the lung. Along the course of these 
lymph-vessels more or less inflammatory oedema is produced, so that 
the connective tissues of the trunks become the site of chronic cellular 
reactions. The picture in the lung of the animal inhaling quartz dust is 
that of an active but chronic inflammation involving large numbers of 
cells, mononuclear phagocytes, fibroblasts and lymphocytes. 
Contrasting sharply with this picture is the much more sluggish reac- 
tion to inhaled granite and carborundum dusts. The majority of the 
phagocytes are overdistended with particles of these dusts, and only 
those cells which happen to have ingested relatively few fragments mi- 
grate out of the air-spaces. During the period of observation, not enough 
dust cells have collected at any one time in the peripheral pulmonary 
lymphoid tissues to produce a “‘pseudotubercle” or other reaction. Ap- 
parently the migrating cells pass on to the lymph nodes of the mediasti- 
num, where enough finally accumulate to provoke proliferation, followed 
by a slowly developing peripheral stasis of lymph. The majority of the 
dust cells remain in situ within the air-spaces, so that as long as four 
years after the cessation of a carborundum inhalation the pleural surface 
of a guinea pig’s lung is still grossly pigmented an intense black color. 
Microscopically, more or less spherical collections of subpleural air- 
spaces are found filled with great plaques of dust cells still exhibiting the 
‘It is possible that some more subtle mechanism is responsible for the production of this 


lymphatic dilatation. In certain cases in which the lymph-vessels are very large no obstruc- 
tive lesion has been discovered. 


4 
5 


850 LEROY U. GARDNER 


staining reactions indicative of life. In the adjacent alveolar septa there 
is no evidence of fibrosis, but there is generally some thickening due to 
accumulated lymphoid cells. Granite-filled phagocytes move out of the 
lung somewhat more rapidly than those containing carborundum, for 
tracheobronchial lymph-node disease develops earlier, but three years 
after cessation of a granite-dust exposure there is still gross mottling on 
the surface of the lung, particularly in the tips of the cephalic lobes. 
Microscopic sections of such a lung exhibit elongated groups of alveoli 
partially filled with phagocytes distended with masses of golden brown 
dust particles. The alveoli involved apparently lie along the course of 
alveolar ducts or peripheral pulmonary veins. As with carborundum, 
there is a striking lack of local reaction to these truly massive collections 
of dust within the air-spaces. Throughout the longest period of obser- 
vation after granite and carborundum inhalation (3 to 4 years) the pul- 
monary picture remains static; phagocytes engulf the dust particles, but 
relatively few of them seem to migrate very far from their original loca- 
tion in the air-spaces. 

The reaction between inhaled dusts and the infectious lesions will now be 
described. Before considering the material of the present experiment, 
attention is invited to the previously quoted carborundum experiment 
(4), in which dust inhalation was commenced on the day after infection 
and the tubercles developed in a tissue already containing considerable 
quantities of dust. The serial sections from this experiment were re- 
examined, and it was found that the developing tubercles contained large 
numbers of dust-filled phagocytes situated in all the layers of the lesion. 
It was noted that no spread of infection occurred until after a latent 
period of 3 to 5 months had elapsed, during which time evidence of reac- 
tion between the dust and the cells of the tubercle was lacking. Then 
quite suddenly the walls of the nodule became vascular, polynuclear 
leucocytes appeared within the caseous centre, and fresh epithelioid 
cells began to collect at the margin of the caseation. Coincident with 
these cellular changes, tubercle bacilli, which had almost disappeared, 
became extremely numerous. The progress of events was more easily 
followed in this old experiment because the animals were killed at 
monthly intervals after infection. 

In the present experiment most of the animals were allowed to live 
until they died of disease, and as a consequence only terminal lesions, 
often difficult to interpret, were available for study. In this case the 
tubercles were already fully developed at the time when the dust began 
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them contained truly large amounts of fine dust distributed from pe- 
riphery to caseous centre. Quartz particles were very small, generally 
colorless, and tended to be widely scattered. They were most readily 
detected in the thin sections stained for tubercle bacilli, as the heavy 
cytoplasmic staining of haematoxylin and eosin preparations obscured 
many ofthem. Granite dust was much more easily seen, as the particles 
were deep golden-brown in color, and exhibited a variety of forms, rang- 
ing from small spheres or irregular polygonal plates to elongated splinters. 
Furthermore, they were generally collected by the cells into more or less 
dense aggregations. The intensely black carborundum was readily 
visible. In the periphery of the tubercles there were masses of dust 
containing many relatively large particles. They were situated in culs 
de sac formed by the blind ends of alveolar ducts and other air-spaces 
closed off in the proliferative process. The dust was enmeshed in a 
partially necrotic exudate of mononuclear and polynuclear leucocytes. 

It was further noted that not all the tubercles in the same lung con- 
tained equal amounts of dust. Those with little or no included foreign 
matter developed in the usual manner, and ultimately tended to heal by 
resolution. Other tubercles, which had collected dust in the manner 
already described, exhibited a distinctly atypical behavior. In place 
of healing by resolution, the lesions became progressive and they were 
often so altered in appearance that they could no longer be recognized as 
primary foci. Only where the pleural cap of organized granulation 
tissue was still intact could their identity be established. Beneath the 
localized area of pleural fibrosis was a patch of acute pneumonic in- 
flammation, lobular in distribution, and considerably larger than the 
original tubercle. Sometimes traces of the proliferative nodule were 
still visible; in other cases it was entirely destroyed. In those animals 
which had survived for long periods, cavities formed in the primary foci, 
and everything was blotted out. Tubercle bacilli, which could not be 
detected in a healing focus that contained no dust, were often extremely 
numerous in these inflammatory lesions. Elsewhere, the lungs exhibited 
acute and chronic tuberculous pneumonia apparently of bronchogenic 
origin. Cavities developed in the deeper secondary lesions, and extensive 
areas of organized pneumonia were frequent. In fact, with the excep- 
tion of caseous pneumonia, all the types of reaction seen in the chronic 
ulcerative pulmonary tuberculosis of human beings were found in these 
animals, 


to enter the field, and yet the microscope demonstrated that many of 
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All three types of dust were apparently capable of effecting such 
changes, but they manifested this ability under conditions incompletely 
defined. Quartz was by far the most active, next in order came carbor- 
undum, and then granite. The spread of infections irritated by quartz 
or carborundum dust was usually generalized throughout the lungs; in 
the few cases in which granite dust did produce this change, the extension 
was limited to a few, nonprogressive foci of aspiration disease. Only in 
one instance did granite dust cause generalized progressive tuberculosis. 
The degree of acute inflammatory reaction and the number of tubercle 
bacilli found in the primary foci which were reactivated appeared to be 
the same regardless of the type of dust involved. The only variable 
detected was the amount of foreign body included in the structure of the 
tubercle. 

Not only did the inhaled dust particles modify the course of the in- 
fectious process, but, conversely, the infection produced its effect upon 
the reaction to the dusts. As was noted in the study on inhaled granite 
dust (5), the defensive mechanism of the lung tends to concentrate both 
tubercle bacilli and dust particles in the lymphoid tissues, and both 
irritants also tend to provoke reactions resulting in obstruction of the 
lymphatics. The fibroblastic proliferation, which played such a minor 
réle in the reaction to inhaled granite and carborundum dust, was accen- 
tuated by the coexistent infection. With these two dusts in infected 
animals nodular fibroses were frequently found in the peripheral pul- 
monary lymphoid tissues, and the connective-tissue thickening about 
the trunks was much more marked. The “pseudotubercles” produced 
in the lymphoid tissues by the rapidly accumulating quartz dust were 
also larger and they often became uniformly fibrous in character. In 
many cases it was impossible to determine whether a given lesion was due 
to the local action of tubercle bacilli or not, for no microdrganisms could 
be found, and evidence of necrosis was wanting. In addition to these 
circumscribed nodular manifestations were areas of diffuse fibrosis due 
to the combined action of bacilliand dust. In most cases it seemed that 
they were due to organized tuberculous pneumonia in which the included 
dust accentuated the formation of collagen, but here again the irritation 
provoked by the dust may have been the primary stimulus. 

In the tracheobronchial lymph nodes the accumulated dust particles 
stimulated the development of diffuse cellular fibrosis, and they also 
modified the simple lesions of infection. In this organ, however, the 
modification was toward proliferation rather than the exudation which 
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occurred in the lung. Only 4 of the quartz animals showed primary 
tubercles infiltrated with polynuclear leucocytes at the time of their 
death. In the remainder of the quartz series and in all of those in the 
carborundum and granite groups the infectious lesions were represented 
by whorls of hyaline fibrous tissue sometimes including a small central 
area of caseation or partial calcification. The appearance of the fibrous 
masses more closely resembled the fully developed silicotic nodules of the 
human lung than any reaction encountered. 

The combined reaction to the dusts and the infection caused more 
marked destruction of the lymph-node tissues than that produced by 
either irritant acting independently. As a consequence, the interference 
with lymph-flow was also greater and the cellular response about the 
afferent lymphatics in the lung was correspondingly more severe. The 
nature of these changes has already been discussed. 


Spread of Infection to the Viscera: In undusted animals R1 inhalation 
usually produces only occasional microscopic tubercles in the spleen 
and liver. In the control series of the experiment one of 11 spleens (9 
per cent) examined showed tubercles. The livers of seven were ex- 


amined and no tubercles were found. 

The tables show that tuberculosis of the spleen and liver was more 
frequent in the dusted series. With quartz there was macroscopic dis- 
ease in 27 per cent of the spleens, and microscopically 86.8 per cent of 
them contained tubercle. In the animals dying relatively early the 
lesions were caseous, but later all traces of caseation were absorbed and 
only fibrous nodules persisted. Only 8 livers were examined, but 60 
per cent of them showed small epithelioid-cell tubercles in the portal 
connective tissues; one was caseous. With granite and carborundum the 
frequency of involvement of these organs was less than that in the quartz 
series, but greater than that in the controls. Among the granite animals 
30 per cent of the spleens and 10 per cent of the livers were involved; of 
the carborundum group 30 per cent of the spleens and 33 per cent of the 
livers showed microscopic tubercle. 

An interesting feature was the presence of phagocytes containing 
quartz or carborundum particles within the tubercles of the liver and in 
those of the spleen. Some of the nodules within the hepatic portal 
connective tissue were intensely pigmented. In the more dense splenic 
tubercles, fewer dust cells could be seen. Outside of the local tubercu- 
lous lesions, only occasional isolated dust-filled phagocytes were detected. 
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In this connection an observation presumably overlooked in this series, 
but made in subsequent experiments, is of interest. In searching the 
abdominal lymph nodes for evidence of dust metastasis, it has been 
noted that the mesenteric lymph nodes are free, but that the hepatic 
node located along the course of the common bile-ducts in the right 
border of the foramen of Winslow is regularly pigmented and often tuber- 
culous. This node receives drainage from the liver, the pyloric end of 
the stomach, the duodenum, and the head of the pancreas. All of these 
organs but the liver have subsidiary drainage into other nodes, such as 
the gastric groups along the curvatures of the stomach; but never has 
evidence of pigmentation been found in them. Since the other abdom- 
inal nodes are not involved, it has been assumed that the dust in the 
hepatic node represents material brought to the liver by the blood- 
stream and then removed by lymphatics, rather than ingested particles 
which have passed through the walls of the stomach or duodenum. 


DISCUSSION 


This experiment demonstrates that the prolonged inhalation of 
quartz, granite or carborundum dust can reactivate partially healed foci 


of tuberculosis, while such an effect is not encountered in control animals 
similarly affected but kept in normal laboratory atmospheres. The group 
of guinea pigs serving as controls to this experiment was small, but 
weight must be given to the fact that, in ten years’ experience with 
inhalation infections with the strain of tubercle bacillus employed, the 
author has never encountered an authentic case of generalized pulmonary 
tuberculosis in an animal not exposed to dust inhalation.® 

It might be claimed that dissemination was the result of some other 
factor than the inhaled dust, but an attempt has been made to control 
such factors. The environment of the dusted animals has been main- 
tained as nearly as possible like that of the controls. In this experiment 
the dust exposures were made in large, well-lighted basement rooms with 
high ceilings, so that the air did not become saturated with moisture. 
Ample freedom was allowed each animal for exercise. The diet of the 
two sets of guinea pigs was the same and, as far as could be observed, 
the appetites of the dusted group were in no sense impaired. 

The high incidence of endemic pneumonia in guinea pigs exposed 


5 Isolated instances of widespread pulmonary disease have from time to time appeared in 
different experiments, but in each case the identity of the animal could be questioned. 
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to dust might conceivably affect the tuberculous process, but no evidence 
of such an effect has ever been discovered. If the animal already has a 
chronic pneumonia, inhaled tubercle bacilli fail to produce pulmonary 
lesions. If the pneumonia develops subsequent to the tuberculous in- 
fection, the tuberculosis runs a typical course and is apparently unin- 
fluenced. 

To what extent overcrowding, lack of light and excessive moisture can 
influence experimental tuberculous infection is not definitely known. 
Experience with this microdrganism has yielded only negative results. 
The accessory granite-dust experiment quoted in the descriptive portion 
of the paper indicates that overcrowding results in poor nutrition and 
blunting of skin hypersensitiveness and possibly an increased incidence of 
endemic pneumonia, but that it is without influence upon this form of 
self-limited, primary tuberculous infection. These factors seem to 
have been controlled in a previously reported experiment on inhaled 
marble dust (6). In this instance, guinea pigs were made to inhale 
marble 8 hours daily in a closed box for periods varying from 60 to 730 
days. Only 36 cubic feet of space were allowed for 48 animals; the hum- 
idity in the box was high, relatively little fresh air was admitted, and the 
concentration of the dust in the atmosphere prevented much light pass- 
ing through a window in the front of the box. Nevertheless, these ani- 
mals failed to exhibit evidence of progressive tuberculosis. Since marble 
dust itself lacks the power to effect such a change, this experiment formed 
an ideal control to these nonspecific factors. 

Several attempts have been made to spread R1 primary infections by 
other forms of irritation, for instance, the inhalation of chlorine fumes, 
and the intranasal instillation of irritating substances like dilute hydro- 
chloric acid and colloidal silica. Thus far all attempts have failed to 
affect the course of the infection. 

Finally it should be noted that in 1913 Cesa-Bianchi (7) produced 
generalized pulmonary tuberculosis with cavity-formation by the in- 
halation of various types of dust. 

For these reasons, it is logical to conclude that the spread of the tuber- 
culous infection is a result produced by dust inhalation and by no acci- 
dental factor. 

Table 5 summarizes the results and shows that extension from primary 
foci of infection is most frequent when dust inhalation is commenced 
shortly after infection. Tubercles which naturally tend to heal presum- 
ably do so because the tubercle bacilli within them are gradually killed 
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off. Therefore, older lesions which contain fewer microérganisms are 
less apt to become sources of dissemination. But healing does not pro- 
gress at the same rate in all the tubercles of all animals, and for this 
reason reactivation and spread are encountered irregularly in the groups 
of animals in which resolution has begun. 

The previous tables suggest that the duration of the irritation by 
inhaled dust is an important factor in determining whether dissemination 
will occur. In the quartz series it seems to be generally true that, when 
only one or two members of a group exhibit spreads, these will be found 


TABLE 5° 
Spread of primary foci in lungs 


QUARTZ | GRANITE | CARBORUNDUM | CONTROLS 
ee Number | Per cent | Number | Per cent | Number | Per cent | Number | Per cent 
of guinea} showing |of guinea} showing |of guinea] showing | of guinea} showing 
pigs | spread pigs spread pigs spread pigs spread 
days | 
54 4 | 100 4 0 | 4 | 7 1 0 
87 3 100 4 100 |; 4 25 1 0 
112 4 50 3 o i 2 66.6 i 0 
151 2 50 a 0 2 0 1 0 
177 3 66.6 2 0 3 0 1 0 
206 3 66.6 3 33523 3 33.3 1 0 
400 3 66.6 0 0 
Totals and aver- 
age for all 
periods... ... 19 73.6 19 26.3 22 31.8 10 0 
St 


of endemic pneumonia. 
} Five other undusted animals which died from accidental causes before exposure to dust. 


in those animals surviving the longest period of dust inhalation. The 
177-day group is an apparent exception. In the granite series the spread 
of infection appears to be sporadic, but if the first group, all members of 
which died of pneumonia, be eliminated, the general conclusion is more 
tenable. In the second group all members exhibited widespread dis- 
seminated tuberculosis. ‘Thereafter resolution had so far progressed 
that granite dust was not a sufficiently potent irritant to affect the few 
remaining bacilli. In the carborundum series there was great irregular- 
ity, and no relationship between duration of exposure and spread of 
disease could be discovered. 


* Includes only tissues examined microscopically from animals without chronic phases 
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The unusual occurrence of spread in at least one member of the last 
group in each series remains unexplained. To check this observation, 
75 animals have now been infected by inhalation of the R1 organism, 
and after one year half of them will be exposed to prolonged dust inhala- 
tions; the other half will be similarly treated two years after infection. 

This factor of time is undoubtedly a very important one, not only in 
effecting changes in the tuberculous process, but also in the production 
of uncomplicated pneumonokoniosis. In the previously mentioned car- 
borundum experiment (4), in which dust inhalation was commenced on 
the day of infection, no evidence of dissemination was noted until at 
least 3 months had elapsed, and the effect was not regularly produced 
until the fifth month. In a new experiment with quartz dust now in 
progress the first evidence of extension from the primary tubercles was 
seeninan animal killed 5 months after beginning the inhalation. Thomp- 
son (8), in his De Lamar Lecture of 1928, shows that among Barre granite 
workers active tuberculosis only appears among those workmen who are 
exposed to the higher concentrations of dust, and that it becomes in- 
creasingly prevalent as time progresses. The rates vary from 0.8 per 
cent during the first 9 years of work to 15.5 per cent in those exposed 
for 35 years or more. Thompson also demonstrates that uncomplicated 
silicosis only develops after 34 years’ exposure to the heaviest concen- 
tration of dust (59.8 million particles per cubic foot), and that 10 years 
are required for the development of this condition in the entire group 
exposed. This experience would indicate that decisive results from in- 
haled granite dust could hardly be expected in the relatively short period 
covered in the experiment. 

The character of the pulmonary lesions would indicate that they de- 
velop as a result of direct extension from the primary foci of infection, 
followed in many cases by more widespread bronchogenic dissemination. 
The extent of involvement of the tracheobronchial lymph nodes gener- 
ally corresponds to the disease within the lung, but the tubercles are 
characterized by a tendency to fibrosis. From the lesions of either the 
lungs or lymph nodes, but presumably from the former, tuberc'e bacilli 
and dust particles gain access to the blood-stream and give rise to metas- 
tatic lesions in the liver and spleen. ‘The exact point of entrance into 
the blood-stream has not been determined, but it is undoubtedly a result 
of the ulcerative process in the lungs; for in the absence of such lesions 
only very occasional dust cells and a few small nonprogressive tubercles 
are found in the abdominal organs. 
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As yet no satisfactory explanation can be offered for the varying po- 
tencies of quartz, carborundum and granite dusts in effecting an activa- 
tion and spread of self-limited tuberculous infection. Apparently the 
mere inhalation of dust, regardless of its character, will not produce this 
effect. In the previously mentioned experiment upon the inhalation of 
marble dust (6), no evidence was produced to show that this substance 
had any stimulating effect upon the R1 tubercle. Incomplete studies 
upon inhaled soft-coal dust have likewise failed to demonstrate gross 
evidences of spread of infection. On the other hand, a similar experi- 
ment with asbestos dust, now in the twelfth month of its course, has 
yielded some six or seven cases in which extension has occurred. None 
developed before the sixth month, and as yet there has been no case 
of generalized disease. Apparently asbestos dust will prove to be a 
relatively mild stimulus. 

The choice of dusts which have not affected the tuberculous process is 
perhaps unfortunate, for marble is largely soluble in the body tissues, and 
could only exert a transitory mechanical effect; and coal is an organic 
compound, some of whose components may also be soluble. It is hoped 
that other dusts, like iron oxide, aluminum oxide, and coke, may some 
day be investigated. As far as the available evidence is concerned, it 
may be said that only certain inhaled dusts are capable of stimulating the 
growth of the tubercle bacilli and changing the nonprogressive foci of 
infection into active disease. 

It is pertinent to examine the active dusts to determine whether they 
all contain some common property which is not found in coal or marble. 
Quartz, carborundum and granite are very hard substances, which frac- 
ture into particles with sharp pointed edges, while marble, coal and as- 
bestos are softer materials. Asbestos is composed of slender fibres and 
irregular sharp fragments. Coal and marble particles have sharp pointed 
edges. But hardness and sharpness are relative qualities, and almost 
any of the insoluble substances must be hard and sharp when compared 
to a delicate cell membrane. 

On chemical analysis of the various dusts, the only element thus far 
discovered which is common to them all is silicon. As is well known, 
this exists in two forms, the one an oxide which is termed ‘‘free”’ silica, 

® One R1-inhalation animal among 124 inhaling marble dust for periods in some cases as 
long as two years did develop extensive chronic ulcerative pulmonary tuberculosis, but this 
result could never be duplicated, and the author has always felt that this animal probably 
belonged to some other experiment. 
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and the other the “combined” form. The amount of “‘free’’ silica as 
thus far determined in any of these dusts is in no sense proportional to 
their activity upon the tuberculous process. ‘This is particularly well 
shown in the case of the three dusts employed in this experiment. The 
quartz used is over 99 per cent free silica; the granite contains about 25 
per cent, and the carborundum only 0.5 per cent. And yet carborun- 
dum is more active than granite dust so far as the infectious process is 
concerned. The marble and coal dusts which have not appreciably 
affected the tuberculous lesions respectively contain 1.01 per cent and 
1.50 per cent of this substance. 

Since quartz, the most active dust, is practically pure silica in a free 
state, and since so much emphasis has been laid on this substance as the 
cause of pneumonokoniosis, it is desirable to determine definitely whether 
silica is also the agent common to all the dusts which alter the course of 
the tuberculous process. 

The proportions of free silica which have been quoted are based on 
analyses of crude dusts consisting of large and small fragments. How- 
ever, only particles less than 10 micra in diameter can be concerned in 
inhalation, and as yet there is no information as to the relative propor- 
tions of silica and other substang¢es in the extremely fine portions of the 
dust. It is not at all impossible that the silica might fracture into much 
smaller sizes than many of the other components of a dust, and that in 
an evenly graded dust sample, all of whose particles were 10 micra or 
less in diameter, the relative proportion of silica would be much greater. 
Studies upon this phase of the problem are now in progress. Mr. Cumm- 
ings (9) has already devised methods for separating and grading particles 
of this magnitude, and the analyses of such materials will be reported in 
the near future. It is possible that an explanation of the apparently 
paradoxical results may thus be afforded. 

In attempting to explain some of the unexpected clinical findings in the 
development of uncomplicated pneumonokoniosis, Collis (10) seeks to 
avoid the difficulty by postulating the presence of inhibitory substances 
in a dust which prevent the free silica from exerting its full effect. His 
statistical studies indicate that a given amount of free silica is not nearly 
so potent in combination with certain silicates as when it is associated 
with other substances. Such a mechanism might be operative in the 
case of granite dust with reference to tuberculosis. Haldane and Mav- 
rogordato (11) report preventing the development of experimental sili- 
cosis by the inhalation of coal dust along with silica. Haldane believes 
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that coal dust possesses “the power of absorbing other substances . 
which stimulate the cells” (phagocytes) so that they tend to migrate out 
of the lung. He postulates that quartz dust provokes reaction because 
it remains within the lung, while coal dust is harmless because it is rapidly 
removed from this organ. 

It is agreed that the behavior of the phagocyte with respect to different 
types of dust is a determining factor, but in the interpretation of this 
behavior the author has come to conclusions at variance with those of 
Haldane. In the normal lung the phagocytes hold the majority of car- 
borundum particles in the lumina of the air-spaces for prolonged periods 
of time and yet no fibrosis is produced. On the other hand, quartz 
particles are removed from the air-spaces with relative rapidity, but early 
fibrosis is the characteristic reaction to this dust. 

If the phrase, “Out of the air-spaces and into the pulmonary lymphoid 
tissues,” is substituted for Haldane’s ‘‘Out of the lung,” the two concepts 
are in harmony. 

This matter of the relationships between alveolar phagocytes and dust 
particles of various types warrant detailed discussion. Fenn (12) showed 
that in vitro phagocytes engulf coal particles four times as rapidly as 
quartz particles, and it has been noted that his observations have been 
confirmed in the animal body by intraperitoneal injections of suspensions 
of dusts. In addition to establishing a phagocytosis rate, the experiment 
in vivo showed that the degree of phagocytosis was variable. ‘The cells 
would ingest extremely large numbers (20 to 30) of coal or carborundum 
particles, while only one, or at most four fragments of quartz of the same 
size could be found within any one cell. These two factors were always 
parallel. Ten different dusts have been studied in this manner; the 
relative rates and degrees of phagocytosis are indicated in the following 
sequence: soft-coal, carborundum, anthracite coal, aloxite (Al,O;), graph- 
ite, garnet, granite, cement, zinc stearate, and quartz. 

In these experiments it was also shown that the ingestion of dust 
particles does not immediately interfere with physiological function in 
these cells. Proof of this contention was afforded by the injection of 
tubercle bacilli subsequent to that of the dust suspensions and by finding 
many cells filled with dust particles which also contain acid-fast micro- 
érganisms. Unfortunately the maximum interval between the injection 
of dust and that of the bacilli was only four days. This interval will be 
extended in experiments now contemplated to determine how long after 
having become filled with dusts of different sorts the cells will still be 
able to ingest bacteria. 
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The material from the inhalation experiments yields evidence to show 
that, even though a phagocyte within a pulmonary alveolus is very 
heavily loaded with dust particles, it is not necessarily killed, for its 
nucleus still stains normally, and characteristic supravita] staining of 
cytoplasmic bodies with neutral-red still occurs. While one may observe 
phagocytes presenting these characteristics in animals which have been 
set aside two or more years after the cessation of exposure to dust, it 
cannot be positively stated that the final hosts were the same cells which 
originally ingested the dust. It is quite possible that the same particles 
may have destroyed in succession a long series of phagocytic cells and 
that on each occasion a new host gathered up the liberated dust. 

One conclusion, however, is definitely warranted from inhalation ex- 
periments, namely, that phagocytes which have ingested particles of 
different composition exhibit most marked variations in behavior. It 
would seem to be true that rapid phagocytosis results in such a massive 
accumulation of dust particles within the cells that the powers of loco- 
motion of the cells are impaired or completely destroyed. In the case 
of soft-coal, carborundum and granite dusts, great clumps of clasmato- 
cytes remain in the peripheral air-spaces for several years after the 
inhalation has ceased. Some dust is carried to the tracheobronchial 
lymph nodes, but this is probably accomplished by those cells which 
happen to have taken up fewer particles. In the case of quartz, each 
cell ingests only a few particles, and there seems to be relatively no 
impairment of its locomotion. As a result, a rapid removal of this 
material to lymphoid tissues occurs. 

These observations upon the behavior of phagocytes which have 
ingested various types of dust particles may have a direct bearing upon 
the problem of activation of tubercles. Inhaled dust particles are 
collected by phagocytes in air-spaces about certain, but not all, of the 
alveolar ducts in the subpleural region of the lung. Presumably not all 
of the tubercles developin association with these same peripheral branches 
of the bronchial tree. Nevertheless, the point has been emphasized that 
when a primary tubercle has been reactivated, great numbers of dust 
cells are included in the structure. ‘To account for their presence, it 
must be assumed either that the inhaled particles reached the tubercle 
directly through the inspired air, or, that they were carried into its vicin- 
ity by motile phagocytes. With quartz dust both possibilities would be 
achieved; some of the tubercles by their position would receive ample 
supplies of dust during inhalation, and to others the actively motile 
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phagocytes would bring large amounts. Hence almost every tubercle 
is reactivated. In the case of carborundum and granite, on the other 
hand, it has been shown that relatively few phagocytes are capable of 
migrating through the pulmonary tissues. Hence, the tubercles which 
would accumulate a quantity of dust sufficient for activation would only 
be those which happened to lie in the direct path of the inhaled particles. 
Such a mechanism would account for the irregular occurrence of dissemi- 
nated tuberculosis among the animals of the granite and carborunhum 
series of this experiment. In the previously reported carborundum 
experiment, in which dissemination so regularly occurred, almost all the 
tubercles were reactivated because they developed in tissues already 
containing many dust cells which were caught up and incorporated in 
the developing nodules. 

There still remains for demonstration the mechanism by which accumu- 
lated dust cells in the walls of a tubercle bring about a renewed prolifera- 
tion of the bacilli in the caseous centre of the nodule. It has been shown 
that all dusts do not produce this effect, even though they may be gath- 
ered there in apparently adequate amounts. Were it not for the fact 
that carborundum with its apparently insignificant amounts of silica will 
produce this effect, it would seem obvious that the silica content of a dust 
was the cause. However, the highly active carborundum, with its low 
silica content, makes the problem more complex. It is not a result of 
inflammation per se, for other irritants have not thus far been proved 
capable of producing this effect. At the present time, it seems as if the 
action must be chemical in nature, but whether silica or some other 
substance is responsible cannot be affirmed to-day. 

At least two views are tenable with regard to the action of silica: the 
first, that it injures the tissue, and thereby produces an environment 
particularly suitable for the growth of the tubercle bacillus; the second, 
that it is soluble in the alkaline body fluids and that in extremely dilute 
solution it reacts directly upon this microdrganism to stimulate prolifera- 
tion. 

The first hypothesis of an indirect effect resulting from changes pro- 
duced by silica upon the tissues is a fruitful field for research. Gye and 
Kettle (13) have shown that silica provokes an acute reaction at the site 
of injection, and they postulate that the inflammatory products form a 
“coagulum,” within which tubercle bacilli proliferate unaffected by pro- 
tective substances from the body cells. This seems to be true within 
the first few hours after the subcutaneous injection of great quantities 
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of silica. The conditions of their experiment, however, are very different 
from those obtaining in the lung. In this location, inhaled dust particles 
are so gradually carried into the structure of a tubercle that no massive 
inflammatory reaction with its protective coagulum is produced. The 
few bacilli remaining in the dry, caseous centre of an old healing tubercle 
are already protected from body fluids by an apparently impervious 
wall of hyaline fibrous tissue. Nevertheless, when a sufficient amount of 
dust has accumulated in this wall, the bacilli suddenly take on a new 
capacity for growth. It seems more probable that, as a result of slow 
interaction between silica and the body cells, some substance is developed 
which offers a more suitable pabulum for the bacillus. 

It might be argued that the bacilli walled off within the tubercle die 
out because of deficient food supply; that the silica provokes an inflamma- 
tion in the encapsulating wall, thereby rendering it more permeable and 
allowing a new supply of food to enter the focus of disease. But if this 
were true, endemic pneumonia should sufficiently inflame the wall of 
preéstablished tubercles and bring about reactivation of these lesions. 
This result has never been observed. Nor has it yet been found possible 
to make R1 tubercles become progressive by inflammation produced 
with strong irritants like chlorine gas. These are arguments in favor of 
the specificity of the silica reaction. 

Under the heading of the production of tissue changes favorable to the 
growth of tubercle bacilli should be mentioned scar-tissue. The older 
writers claimed that silica produced fibrosis and that this reaction was in 
itself favorable to the growth of the tubercle bacillus. ‘The author once 
produced dense collagenous scars in the subcutaneous tissues of a series 
of guinea pigs by the injection of strong acids and by cauterization. 
Months later, when all evidences of acute inflammation had disappeared, 
tubercle bacilli were injected into the sharply defined border between 
scar and normal tissues. On sectioning the tissues two months later, it 
was found that tubercle bacilli did not penetrate the scar tissue, but were 
carried away from it to the nearest lymph nodes where lesions developed. 
Had the scar itself been an especially favorable location for their develop- 
ment, every opportunity was allowed them to invade it. For this 
reason, the influence of collagen as a favorable culture medium for the 
tubercle bacillus can probably be eliminated from the discussion. 

linally, the changes in the tissues attendant upon lymph-stasis must 
be considered. It has been shown that any of the dusts used for experi- 
ment will provoke a fibrosis in the tracheobronchial lymph nodes when 
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they have been concentrated there in sufficient amounts. The time 
required for the development of this reaction varies with different dusts 
because of their varying influence on the rate of migration of the phago- 
cytes. Attendant upon lymph-stasis is a chronic inflammatory reaction 
about the vessels. The inflammation terminates in organization and 
dense fibrosis distributed along the course of the lymphatic trunks. 

Interference with the drainage system of the lungs undoubtedly ob- 
structs elimination of tubercle bacilli and toxic metabolic products from 
the organs. The effect of this disturbance upon the metabolism of the 
body cells and upon that of the tubercle bacillus has not yet been evalu- 
ated, but it is not unlikely that it plays an important rdle. 

The second hypothesis to explain the action of silica upon the tuber- 
culous process assumes that dust brought to the focus of infection acts 
directly upon the tubercle bacilli. ‘To accomplish such an effect, solu- 
bility in the body fluids must be postulated, but we have as yet no 
accurate information on this subject. Jn vitro, rough preliminary tests 
already done in this laboratory have failed to detect any acceleration of 
growth of tubercle bacilli on media enriched by the addition of minute 
quantities of silica in various forms. The experiments, however, were 
not made with a basic medium free from silica and it has been assumed 
that a sufficient amount of this material, adequate for the growth require- 
ment of the bacilli, is supplied from the glass containers, water and other 
sources. 

Another method of attack, which it is hoped may be investigated in 
the near future, is suggested by the work of Petroff and his associates 
(14) upon bacterial dissociation. ‘They have discovered that changes in 
reaction of the culture medium tend to retard or accelerate the dissociated 
forms of the tubercle bacillus. It is possible that the reaction of the dust 
in the tubercle may favor the development of a mutant type which grows 
more readily in the animal body. 

The indirect evidence from animal experiments opposes the view that 
the reaction to the dust alters the virulence of the bacilli. Although it 
has been shown that more and Jarger metastatic tubercles develop in 
the spleens and livers of animals exposed to the inhalation of dust than 
in the undusted controls, nevertheless it is inferred that this effect is 
mechanical in nature. An ulcerative process in the lung allows both 
tubercle bacilli and dust to enter the blood-stream. ‘They are both 
caught in the capillaries of other organs and there set up lesions. ‘The 
dust exerts its specific effect in the new locations so that the tubercles 
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are larger and spread more extensively than in the controls. However, 
this conclusion is not final. Carefully controlled virulence tests are to 
be made by subinoculation of the spleens from a series of animals now 
infected and being exposed to quartz-dust inhalation. The results of 
these tests may modify this conclusion as to virulence. 


SUMMARY 


A series of guinea pigs has been primarily infected by the inhalation 
of tubercle bacilli of low virulence. In normal animals such infection 
produces isolated subpleural pulmonary tubercles which attain a state 
of caseation, then retrogress, and finally heal by resolution. As a part 
of the picture of primary infection, the tracheobronchial lymph nodes 
are also involved, and the lesions in this location undergo a similar series 
of changes. At serial intervals, ranging from 54 to 206 days, and ina 
few cases 400 days, after such infection, groups of four animals were 
removed to each of three dusting chambers where they were exposed to 
the inhalation of quartz, carborundum and granite dust until they died 
or were killed. 

The experiment has demonstrated that the inhalation of these three 
dusts will stimulate a renewed multiplication of bacilli in the healing 
tubercles, an effect which is often followed by widespread chronic ulcera- 
tive tuberculosis. All the manifestations of that condition seen in man, 
with the exception of caseous pneumonia, have been encountered. At 
least two months’ exposure to the dusts is necessary to affect the primary 
foci of infection, and usually more time is required. Reactivation of 
primary tubercles has occurred as late as 206 or even 400 days after in- 
fection. With quartz, 73.6 per cent of the animals exhibited evidence of 
progressive tuberculosis, with carborundum there were 31.8 per cent, 
and with granite only 26.3 per cent. ‘This result has not been obtained 
by the inhalation of all types of dust Marble and soft coal have ex- 
hibited no stimulating effect. ‘The reaction appears to be a specific result 
of the inhalation of certain definite types of dust, for evidence has been 
produced to show that factors like overcrowding, lack of proper ventila- 
tion and light, endemic pneumonia and nonspccific inflammations have 
not influenced this type of tuberculous infection. 

In partial explanation of the results obtained, it has been shown that 
a renewed multiplication of bacilli takes place only in those tubercles 


containing ample amounts of dust. Since the lesions were already estab- 
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lished at the time when the inhalations were begun, the dust particles 
would have to be carried into the nodule by phagocytes. It was shown 
that relatively few quartz particles were ingested by any one phagocyte, 
and that the activity of these cells was not affected; perhaps it was even 
accelerated. On the other hand, so many carborundum and granite 
particles were taken up by the majority of the cells that their powers of 
locomotion were lost and very little dust could be carried into the tuber- 
cles. Various theories have been discussed which might explain the 
nature of the reaction between inhaled dust particles and the tubercle 
bacilli, and the methods proposed for the further study of the problem 
have been outlined. 

It is believed that the evidence submitted may be applied to human 
pneumonokoniosis and that it affords reason for thinking that all tuber- 
culosis complicating this condition is not necessarily an exogenous in- 
dustrial infection. In a certain proportion of the cases it seems probable 
that inhaled dusts of the proper type may light up preéxisting quiescent 
foci of infection or disease. 
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PLATE 1 


Alveolar phagocytes containing dust particles. Maximum reactions after 12 to 18 months? 
exposure. 600 
A: Quartz: relatively few spherical particles per cell. 
b: Granite: masses of irregular refractile particles. 
C: Carborundum: giant phagocytic cells; outlines entirely obscured by heavy dust 
masses. 


D: Coal: scattered small phagocytes filled with dust particles. 
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PLATE 2 


Resolution of R1 inhalation tubercles in undusted controls. AIL killed 654 days after 
infection. 
A and B are “inactive;” that is, retrogression has commenced. (Numbers 91 and &9. 
C is “healing;” that is, the central caseous matter has been absorbed. (Number 91.) 
D is “healed,” all caseation is absorbed, and only slight fibrous thickening of the septa 
and pleura persist. (Number 95.) 
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PLATE 2 
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PLATE 3 


A: Undusted infection control no. 92. Isolated primary tubercle at apex of right cephalic 
lobe and extensive disease in tracheobronchial lymph nodes. 
B: Carborundum dust, no. 35. A maximum effect of inhaled dust on R1 tuberculous 


infection. Massive pneumonic tuberculosis with chronic cavities. 
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PLATE 4 


Maximum effects of dust inhalations on R1 inhalation infection. 

A: Granite dust, no. 16. Local extensions about certain primary tubercles; exudative 
patches in caudal lobes. Karly cavity on right. Massive involvement of tracheobronchial 
lymph nodes. 

B. Quartz dust, no. 58. Widespread pneumonic tuberculosis with multiple small 


cavities. Massive involvement of tracheobronchial lymph nodes. 
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PLATE 4 
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Two tubercles from the same lung: carborundum no. 77. 
A: No dust kas cellectcd in the subpleural tubercle, and it is retrogressing like the controls 
B: Excessive dust deposits in this tubercle have provoked local spread and cavity- 
formation. 
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STUDIES ON CHANGES IN THE FINGER NAILS IN 
PULMONARY TUBERCULOSIS 


WITH SPECIAL REFERENCE TO PITTING (DEPRESSIONS) AND 
ITS RELATIONSHIP TO ACTIVE DISEASE 


ALBERT G. HAHN! 


The study of the finger nails by clinicians and cfforts to associate cer- 
tain abnormal changes in them with various diseases date from the 
earliest classical medical writings. ‘The results of many of these clinical 
observations are, however, at present of historical interest only. 

A description of hippocratic (1) or phthisical incurvation of the nails 
appeared in the literature as early as the beginning of the third century. 
Since then changes in the nails peculiar to many diseases have been de- 
scribed, but it is interesting to note that only a few references have been 
made to changes In the nails in tuberculosis. 

Referring to this subject, Heller (2) says, “In spite of this saying of 
Hippocrates, Ungues adunci fiunt (the nails become hooked), there are 
only three statistical works concerning the connection of tuberculosis 
with the nail formation peculiar to tuberculosis.” 

Rosenau (3) has called attention to certain changes which he observed 
in the finger nails of patients suffering from active tuberculous disease. 
He also noted similar changes in a group of patients who had recently 
passed through an attack of rheumatic fever. He observed depres 
sions or pittings in the nail-plate of 70 per cent of the tuberculous group 
and 95 per cent of the rheumatic-fever group. Two hundred patients 
acted as controls, and of this group only 4.5 per cent showed these char 
acteristic changes. Rosenau states further that in the control group no 
definite aetiology could be ascertained. Other changes, which he found 
in the nails and associated with the pitting in the active tuberculous 
group, were the frequent occurrence of longitudinal and transverse 
grooves, and also clubbing of the finger nails. 

At the suggestion of Dr. Lawrason Brown a study of the nails of tuber- 
culosis patients has been made at the Trudeau Sanatorium. Its object 


1 Trudeau Sanatorium, Trudeau, New York. 
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was to determine the relationship of abnormal nail changes to pulmonary 
tuberculosis by correlating these changes with other clinical data, in the 
hope of establishing some criteria which would serve as an aid in differen- 
tiating between recently active and inactive pulmonary tuberculosis. 


TYPES OF PATIENTS STUDIED 


The results of this study are based upon observations on 200 subjects, 
150 of whom were known to be suffering from pulmonary tuberculosis, 
and 50 of whom acted as nontuberculous controls (negative findings on 
X-ray, physical and bacteriological examinations). 

The subjects were divided into the following groups: 


1: Fifty patients suffering from active pulmonary tuberculosis. The 
criteria of activity were symptoms of fever, night-sweats, rapid pulse, pro- 
gressive loss of weight and strength, and roentgenographic studies showing 
progression of the disease. 

2: Fifty patients who were free from symptoms of activity for a period of 
130 days, a sufficient time for the finger nail to renew itself. 

3: Fifty ex-patient workers who were actively engaged in work at the 
Sanatorium and who had been without symptoms of activity for from one to 
twenty-five years. 

4: Fifty individuals, who had been classified as nontuberculous on roent- 
genographic studies, and physical and bacteriological examinations of the 
sputum, were selected in order that a comparative study of the nails of pre- 
sumably normal persons could be made. (For further explanation see table 1.) 


RESULTS OF OBSERVATIONS 


Periodical examinations were made of the finger nails of tuberculosis 
patients during their residence at Trudeau Sanatorium and all abnormal 
changes were carefully recorded. When we compared these nail changes 
with other clinical data, such as symptoms, physical signs, roentgeno- 
graphic studies and bacteriological examinations (used in classifying 
patients into respective groups) it was found that certain characteristic 
changes in the nails occurred with greater frequency in certain groups. 

The types of changes observed were: 


1: Pitting or depressions in the nail-plate. 

2: Ridging of the nails which was of the longitudinal and transverse variety. 
3: Hippocratic incurvation or down-curved nails. 

4: Cyanosis of the nails. 
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We found these characteristic pittings or depressions, which closely 
resemble the pock-marks or pits often seen in the skin of persons who 
have suffered from smallpox, to be present in the nail-plates of 100 per 
cent of the patients classified as having recently had active pulmonary 


TABLE 1 


Studies of changes in the finger nails in pulmonary tuberculosis with special reference to pitting 
(depressions) and its relationship to active disease 


CHANGES 
2 2 2 
Group 1 
Active tuberculous 50 | 50} 0/100) 48} 2) 96} 14) 36) 28) 38] 12} 76} 33) 17} 66 
disease 
Group 2 
Inactive tuberculous 50 3} 47| 6} 38) 12) 76} 11} 39) 22} 25) 25) SO} 1) 49) 2 
disease 
Group 3 
Ex-patient workers at 50 0} 50; 47} 3} 94) 11] 39} 22) 15) 35} 30} 2] 48) 4 
Trudeau Sanatorium 
Group 4 | 
Nontuberculous 50 | 50} 0} 25, 50) 13) 37/ 26 50) O| 2| 48) 4 
(controls) | | 


Protocol for table 1 

Group 1: Represents patients known to have definite active tuberculosis. 

Group 2: Represents patients whose symptoms had been inactive for 130 days, a sufficient 
time for the nail to renew itself. 

Group 3: Represents ex-patient workers at Trudeau Sanatorium who had been without 
symptoms of activity for from one to twenty-five years. 

Group 4: Represents a group of individuals who acted as nontuberculous controls, and 
presented negative findings on X-ray, physical and bacteriological examinations. 


tuberculosis, but we observed these changes in only 6 per cent of the 
patients with inactive pulmonary tuberculosis (a group of patients whose 
symptoms had been inactive for 130 days which ordinarily is sufficient 
time for the nail to renew itself). In marked contrast to the incidence of 
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pitting among the cases suffering from recently active pulmonary tuber- 
culosis, this change was found to be absent in 100 per cent of a group 
of ex-patient workers. This group had been without symptoms of 
activity from one to twenty-five vears. Likewise, we were unable to 
demonstrate this change in the nails in a single case of the control group 
of presumably normal individuals. These pittings or depressions were 
found to appear in the visible portion of the nail-plate approximately 
six weeks after the onset of symptoms of active pulmonary tuberculosis. 
It is interesting to note that just previous to the onset of such symptoms 
frequent examinations of the nails of these patients revealed no evidence 
of pitting. ‘The pittings occurred with no definite arrangement or pat- 
tern in the nail-plate. Some were observed near the centre of the nail; 
others along the lateral! margin. They occurred as single pits or in 
groups, ranging from two to ten in a single nail-plate. Having once 
made their appearance, they remain as distinct pits growing forward 
with the nail to be cut off inthe act of manicuring. ‘These changes were 
found in the nails of all of the fingers, as well as the thumbs. However, 
they occurred with greater frequency in the nails of the first or index- 
fingers and third or ring-fingers. The nails of the left and right hands 
were equally affected. The pittings occurred less frequently in the 
nails of the toes. 

Two cases which will serve as excellent examples of pitting following 


symptoms of activity are as follows: 


Case 1: J. M., male, aged 38, suffering from far-advanced pulmonary tuber- 
culosis, with cavity in the upper third of the right lung. (See figure 1B.) The 
pitting in the nail of the ring-finger occurred six weeks after symptoms of 
activity which were preceded by a series of haemoptyses. (See figure 1A.) A 
roentgen examination of the chest, made following the haemoptyses, showed 
progression of the disease. (See figure 1C.) 

Cause 2: KE. D., female, aged 42, had minimal pulmonary tuberculosis. (See 

5 

figure 2B.) The pitting in the nail of the index-finger occurred six weeks fol- 
lowing symptoms of fever, night-sweats, loss of strength, and weight. (See 
figure 2A.) Examination of the nail prior to this illness showed no evidence of 
pitting. The only abnormality seen at that time was longitudinal ridging of 


the nail of the thumb. 


Hippocratic incurvation or down-curving of the nail was observed in 
76 per cent of the patients with active pulmonary tuberculosis as com- 
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ic. 1.4. Case of far-advanced tuberculosis with cavity (see X-ray, fig. 1B). The pitting 
in the nail of the ring-finger occurred six weeks after the onset of symptoms of activity, which 
followed a series of haemoptyses. Note the longitudinal ridging of the nail of the middl 
finger and transverse ridging of the nail of the index finger. 

lic. 1B. Roentgenograph April 24, 1928. Right Lung: Infiltration to 3rd rib and 5th 
vertebral spine. Fair-sized cavity (c) at level of 2nd interspace. Fibrosis. Pleurisy. 
Calcified nodes at root. Left lung: Scattered infiltration in upper two-thirds. 

ric. 1C. Roentgenograph April 28, 1928, compared with fig. 1B. Right Lung: Intil 


tration in upper two-thirds more decided. 
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PLATE 2 


Hic. 2. Case of minimal pulmonary tuberculosis with active disease (sce X-ray, fig. 2B). 
rhe pitting in nail of index finger occurred five to six weeks following onset of fever, night- 
sweats, loss of strength and weight. Note the marked logitudinal ridging of nail of thumb. 
Fic. 2B. Roentgenograph July 19, 1928. Right Lung: Small amount of infiltration to 
2nd rib and 5th vertebral spine. Left Lung: No evidence of infiltration. 
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PLATE 3 


iG. 3A. Case of far-advanced pulmonary tuberculosis with cavitation of right and left 
lungs. (See X-ray, fig. 3B). Note pronounced hippocratic (phthisical) incurvation. 

lic. 3B. Roentgen examination June 20, 1928. Right Lung: Infiltration more or less 
throughout. Cavity formation (c) in the apex. Left Lung: Infiltration to the 4th rib and 
Sth vertebral spine. Cavity formation (c) in the apex. 
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PLATE 4 


Fic. 4A. Case of moderately advanced pulmonary tuberculosis with cavity in apex right 
lung (see X-ray, fig. 4B). Nails markedly down-curved, —hippoc ratic (phthisical) in- 
curvation. 

hic. 4B. Roentgen examination February 25,1928. Right Lung: Infiltration to the 3rd 
rib and the 5th vertebral spine. Cavity (c) in the extreme apex. Left Lung: Small amount 


of infiltration to the 2nd rib and the 4th vertebral spine. 
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pared with 50 per cent of the inactive cases in group 2, and 30 per cent of 
the inactive cases in group 3. (See table 1.) The control group showed 
no signs of incurvation of the nails. ‘That this change can disappear to a 
certain degree in patients who later show continued improvement was ob- 
served by us in a case of moderately advanced pulmonary tuberculosis, 
(See figure 4B.) 


The patient, M. K., male, aged 28, showed pronounced Hippocratic or 
phthisical incurvation of all of the fingers of both hands at the time of admis- 
sion to the Sanatorium. (See figure4A.) He was suffering from symptoms of 
marked dyspnoea, progressive loss of weight and strength, and chronic produc- 
tive cough. These symptoms were of twenty-four months’ duration. The 
patient had for some months prior to admission noticed his nails undergoing 
this change, namely, incurvation which he said began several months after 
the onset of his illness. During the patient’s residence at the Sanatorium, 
we were able to see a decided change in the formation of the nail. As he im- 
proved, the nails lost, to a rather marked degree, the incurvation previously 
demonstrated. Another example of pronounced Hippocratic incurvation was 
observed in a case of far-advanced pulmonary tuberculosis, with cavity- 
formation in both apices. (See figures 3A and 3B.) The patient, A. P., 
female, aged 23, had during the past six years suffered three successive re- 
lapses from the disease. In contrast to the above case no improvement was 
noted in the patient’s condition during the six months of her residence at the 
Sanatorium, and the nails showed no tendency toward losing their marked 


incurvation. 


Cyanosis was noted in 66 per cent of the active cases, 2 per cent of the 
inactive cases in group 2, and 4 per cent of the inactive cases in group 3. 
It was also seen in 4 per cent of the control group, being very slight as 
compared to the degree of cyanosis observed in the active cases. The 
degree of cyanosis appeared to be proportionate to the severity of symp- 
toms. In other words, those patients classified as seriously or critically 
ill showed this change to a very marked degree, while those with moderate 
or slight symptoms displayed only moderate cyanosis of the nails. 

Other changes observed were ridging, of which there were two dis- 
tinct types or varieties, namely, longitudinal and transverse. ‘They 
occurred with the following frequency in the various groups of patients: 


1: In group 1, active cases, the longitudinal ridging was observed in 96 per 
cent and transverse ridging in 28 per cent. 

2: In group 2, inactive cases (see table 1), the longitudinal ridging was ob- 
served in 76 per cent and transverse ridging in 22 per cent. 
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24 | M. o| LE. | 0 | | 0 |x 0 
16 Soll NE. | | Cat. | 0/0 
M.| 0 | 0 | i Ti ojo 0} 0 
18 | M. | 0 | | 0 | | O | Cat. | 0 | | O;x |x 0 | 0 
19 23 0 | | 0 | Cat. lolol o 010 
20 | 2: F. | 0 0 | NE. | | Cat. 0) x | 0 
27 | LE. | | ) | 0 0 | 
21 10 | NE 0 | 0} 0 /0| 
22 0 | N.E. 0 | 0/0) 010 
23 | 18 | M. 0} 0] 0 | N.E. | 0 | | 0 lololo 0 | 0 | 
NE. | 0 | | 0 | 0 0} 0 
24 pe Pee N.E | 0 510 | 0 0 | 
98 | F. } 0} 0| NE * x 0 | 0 
5 0 | N.E. | Insid. | 0 x 0 
26 | 42 | M. 0 | 0 | ( | o |o 0 ° | 
45 |M.| 0 | 0 | 0 | 0 id. | | 0 0 | 0 0/0 
ies M.| 0 | | | 0 | Insid. | x 
28 F. | 0 | : | NE. | lolo 
0 | N.E. sid. 0 0 
| 0 | 0 rE. | 0 0 
o | tnsia. 0/0 0} x | 0 0 
18 | M. | 0 ‘d. | 1 x 0/0 
NE. | | Insia lo | o-| 0 
33 | 23 0 lo! NE. | | | 0 | 0 ! 
34 | 20 0 NE. |0 
35 | 19 | F. 0 | 0 0 | N.E. Sateen 
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TABLE 2D—Concludea 


x-0 | x-0 | x-0 | N.E-x-0 x-0 x-0 | x-0 | x-0 | x-0] x-0 
38} NI 0 0 |0 
39 | 301F.|/ 0/0 ]0] NI 
40 | 24/M.| 0} 0 | 0 0 | Insid.|} {0/0 
41/25/F. | 0 | 01] 0 0 0 | Insid. | 
42} 0/01] 0 0 0 
0 0}cat. 
44 | 36|M.| 010 | 0 0 0 | Insid. | 
45/311/F./0/0]0] NE 0 0 1/0 
47 | 39 | 0 0 0 lolololololololo 
0 0 0 10 
49 | 28 |] NE. | 0 0 
50 | 25 | F./0/0/]0] NJ 0 0/0 
| 


| 0%|50%|267% 07% 


Protocol for table 2D 


Symbols Character of Onset 
x: Positive Cat.: Catarrhal 
0: Negative Insid.: Insidious 
N.E.: No expectoration 0: No onset 


3: In group 3, inactive cases, among the ex-patient workers, this change was 
demonstrated as follows: longitudinal ridging in 94 per cent and transverse in 
22 per cent. 

4: Group 4, the nontuberculous group, showed longitudinal ridging in 50 per 


cent and transverse in 26 per cent. 


The time element appears to play an important réle in the production 
of this alteration in the nails of the tuberculous groups. For example, 
we have made comparative studies of the nails of the ex-patient workers 
at the Sanatorium for periods of five years or more and have seen the 
ridges become more marked as time advanced. 

Of the various changes noted during our observations, the ridgings 
were the only alteration which occurred with any definite frequency 
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among the nontuberculous controls. Therefore from a comparative 
standpoint we consider ridging of the nails of less importance than the 
other changes described. 


CONCLUSIONS 


1. Pittings or depressions in the finger nails were observed in 100 per 
cent in a group of patients suffering from active pulmonary tuberculosis 
as compared with 6 per cent of a group of patients who had been inactive 
for a relatively short period, and a third group of inactive cases (without 
symptoms of activity for from 1 to 25 years) in whom we found this 
change to be absent in 100 per cent of the cases studied. Therefore, in 
our opinion the occurrence of these characteristic pittings in a known 
case of pulmonary tuberculosis should be regarded as indicative of re- 
cently active tuberculous disease provided no other disease is present. 

2. Hippocratic incurvation was found in 76 per cent of the active 
tuberculous group, 50 per cent of the inactive tuberculous group, and 
30 per cent of the ex-patient workers at the Sanatorium. This change 
did not occur in any of the nontuberculous controls (presumably normal 
individuals). 

3. Cyanosis of the finger nails was noted in 66 per cent of the active 
group as against only 2 per cent of the inactive or chronic group. This 
change was well marked in all cases in which the disease was rapidly 
advancing, as evidenced by clinical symptoms and roentgenographic 
studies. From these observations we believe that cyanosis may be of 
value in prognosis. 

4, Ridging seems to be of less importance than the other changes 
described. 


REFERENCES 
(1) Lrtrrf: L’oeuvres completes d’Hippocrates, vii, 191. 
(2) HELLER, J.: Die Krankheiten der Nigel, Berlin, Hirschwald, 1900. 
(3) Rosenau, W. H.: Jour. Am. Med. Assoc., 1922, Ixxviii, 1783. 


THE DURATION OF FATAL PHTHISIS! 


HARRY LEE BARNES anp LENA R. P. BARNES? 


The average duration of phthisis is of some importance from medical 
and economic standpoints and has varied considerably at different times 
in different countries as computed by different observers. 

Bayle (1) in 1810 tabulated 200 cases of phthisis, the average duration 
being 21.3 months. Louis (2) reported his first series in 1825 and his 
second in 1843, his total of 307 cases having an average duration of 17 
months. Pollock’s 129 cases (3), as quoted by W. R. Smith, averaged 
2% to 3 years. In 1875 Austin Flint (4) recorded 112 cases with an 
average duration of 33 months. Cornet (5) reported 800 cases with an 
average duration of between 2 and 3 years. American sanatorium 
physicians, while furnishing voluminous records of end-results as to 
percentages of the living, working, dead, etc., at given periods after 
discharge, have furnished little as to the duration of life. From tabu- 
lations published in the reports of the U. S. Army Sanatorium at Fort 
Bayard (6) we have computed that the average duration of life of 149 
patients who were treated there was 39.97 months. Reports of English 
sanatoria also furnish few data. The durations of Burrell’s 449 cases 
(7) were not precisely stated, but his tabulations indicate an average 
duration of 3.37 years. Wiirtzen (8) of Denmark has reported 1,899 
cases, whose durations averaged 35.9 months, and Aoyama (9) of Japan 
741 cases with an average duration of 14 months and 18 days. 

In order to compute the duration of a disease the dates of the onset and 
termination must be known. It is very difficult to fix the date of onset 
in phthisis. Necropsies furnish evidence that persons have the infection 
of tuberculosis in the lungs for long periods of time in sucha slight amount 
that it is not only not recognized by the patients, but it frequently 
cannot be recognized during life by experts in diagnosis. Viewed from 
this standpoint the dates of onset of tuberculous infection are, with very 
rare exceptions, unknown in all human cases of pulmonary tuberculosis. 


1 Read at the annual meeting of the American Climatological and Clinical Association, 
Old Point Comfort, Virginia, May 2, 1929. 
2 State Sanatorium, Wallum Lake, Rhode Island, 
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It is well known that some patients have tuberculous lesions large 
enough to be readily demonstrated by physical signs or X-ray examina- 
tions, but which have not produced symptoms of ill health noticeable by 
the person affected, even when that person is a physician or nurse, 
who is devoting a great part of his or her time to finding early cases of 
tuberculosis in others. Should precautionary physical and X-ray ex- 
aminations of the chest of the entire population every few months become 
customary, the duration of this symptomless stage of the disease can be 
computed, but this is a problem of the future that is obviously beyond 
the scope of this paper. The onset of the disease, as estimated in this 
article, is based solely on the patient’s statement as to the time when his 
ill health began. If patients are asked when their disease commenced 
many will state the time when their symptoms first annoyed them, which, 
in the case of cough, may have been six months or even a year or two 
after the cough really began. Considerable time, patience and ex- 
perience in tuberculosis work, on the part of the history-taker, is neces- 
sary to get all the facts obtainable. 

In order to increase the accuracy of our histories as regards the date 
of onset, history blanks were prepared by one of us at the opening of the 
institution 23 years ago, requiring not only the date of onset, but, so 
far as possible, the date of onset of each important symptom, such as 
cough, expectoration, pleurisy, haemoptysis, etc. Requiring the patient, 
in so far as possible, to fix the date of beginning of each symptom very 
frequently sets the onset for months or even years earlier than that first 
given. 

Foreign-born patients, with limited ability to understand and speak 
English, made the use of interpreters quite occasionally necessary, but 
most of these histories were rejected as unreliable. 

People differ greatly in their appreciation of slight symptoms of ill 
health. In some cases the symptoms of tuberculosis are evident to 
the family but the patient does not notice them, and in other cases the 
patient notices the symptoms at the time, but a year or two later, when 
he feels it necessary to consult a physician, he has torgotten about them. 
Histories taken a few hours apart by different physicians, or taken a few 
weeks apart by the same physician, will not always agree as to the date 
of onset. 

As an additional precaution against the faulty memories of the patients 
it would be an advantage to take the history of the patient’s illness from 
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his family and check these statements with those of the patient, made 
after he had received his tuberculosis education, but this unfortunately 
was not done. 

The accuracy of histories depends to some extent on the education of 
the patients. Only about 7 per cent of our patients have had a high- 
school education or better, about 31 per cent have had grammar-school 
education or better, and about 14 per cent are illiterate. 

No matter how well educated patients may be, they make some mis- 
takes in giving their histories through ignorance of the disease, and from 
this standpoint it would be ideal to follow Lawrason Brown’s suggestion 
and wait until the patients have had intensive training in the sympto- 
matology of tuberculosis in the sanatorium, and then retake their his- 
tories, but, again unfortunately, this was not done. 

The accuracy of histories depends to a considerable degree on the ex- 
perience in tuberculosis work of the physicians who take them, and in this 
respect we have been fortunate in having the great majority of our his- 
tories taken by physicians on our staff who have had many years’ 
experience in tuberculosis work both here and elsewhere. 

A factor influencing the duration of life in pulmonary tuberculosis is 
the financial circumstances of the patients. If statistics from only 
wealthy patients are obtained, the duration of life should be consider- 
ably longer than if the statistics concern patients in poorer circumstances. 

We have had none of the wealthy and few of the professional classes 
among our patients, but it seems unlikely that the total number of 
tuberculosis deaths among these classes is sufficient to greatly influence 
our figures. Another very important consideration is the selection of 
patients for institutional care. If the favorable types of patients are 
given preference then the duration of life will be longer than if all cases 
are admitted. 

In the early years of the institution an attempt was made to give 
favorable cases preference and patients near death were excluded, but, 
as only 10 or 15 per cent of the beds could be filled by the most favorable 
type, the remaining 85 per cent always have been moderately advanced 
and far-advanced cases. 

In the last ten years, during which 60 per cent of the total admissions 
have occurred, attempts to select patients have been abandoned and all 
patients from incipiency to death have been frecly and promptly ad- 
mitted. 
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During the last few years the annual number of admissions to this 
institution has been equal to 66 to 75 per cent of the annual number of 
deaths in Rhode Island, so that the patients of our sanatorium represent 
to an unusual degree the tuberculosis patients of our entire community. 

As children under 4 years of age were rarely admitted these figures 
do not include the duration of phthisis in infancy, but the latter occurs 
too rarely to materially affect the average duration of all cases. 

Of 8,425 cases admitted to the State Sanatorium in the years 1905 
to 1926 inclusive, 1,602, or 19 per cent, of readmitted cases have been 
deducted, leaving 6,823 different persons. Further deducting 377 
patients, who in our opinion did not have tuberculosis, leaves 6,446 
tuberculosis patients. 

Deducting 1,705 patients who were known to be living on January 1, 
1927, leaves 4,741 patients. The 207 patients who were untraced 
reduced the number to 4,534. Of this number, 870, of whose deaths we 
had records, were not certainly known to have died of tuberculosis, or 
died of other diseases or of acute miliary tuberculosis, etc. Of the 
3,674 remaining, 1,127 cases were rejected either because the patients’ 
statements were found to be contradictory, or were considered otherwise 
unreliable, or because the physicians in taking the histories made im- 
portant omissions. 

The remaining 2,537 patients, with histories as complete and reliable 
as could be obtained by the methods and personnel employed, died of 
phthisis according to the official records. 

Of these 2,537 patients there were 1,374 whose death-records were 
inspected at the office of the State Board of Health, 191 concerning 
whom a written statement as to the date and cause of death was received 
from the town clerk, and 972 patients who died in the Sanatorium. The 
duration of each case was computed in months, and the total number of 

months was divided by the total number of cases. It should be noted 
that the deaths in the Sanatorium were 38 per cent of the whole number 
and that the annual number of deaths in the institution in recent years 
has been about 23 per cent of the total number of deaths from phthisis 
in Rhode Island. 

The life-durations of persons who recover from clinical tuberculosis 
and die from other causes are not included in these statistics. 


DURATION OF FATAL PHTHISIS 


SUMMARY 


The average duration of life for the 1,567 males was 37.93 months, for 
the 970 females 34.81 months, and for the 2,537 patients it was 36.72 
months. 

The average duration of life of 2,424 white patients was 37.81 months 
against 19.59 months for 111 colored patients, and 44.50 months for 2 
yellow patients. 

One thousand and twenty-six patients who had had haemoptysis 
previous to or during sanatorium residence survived periods averaging 
43.37 months, while 1,496 patients with no history of haemoptysis pre- 
vious to death or discharge from the institution survived for periods 
averaging only 32.29 months. Fifteen patients, for whom there was no 
record as to whether haemoptysis had occurred, survived for periods 
averaging 26.06 months. ‘The average duration of life for 51 patients 
with a history of pleurisy with effusion, if the onset be dated from the 
onset of pleurisy, was 51 months. Twelve of these patients recovered 
from the pleurisy, and had an interval of apparent health averaging 61 
months before developing symptoms of pulmonary disease. If the 
duration of these 51 cases be taken from the onset of continuous pul- 
monary disease, the duration averaged 37 months. 

The duration of life, classified according to the age, to the frequency 
with which tubercle bacilli were found in the sputum, and different 
periods of survival, appears in the following tables. 


TABLE 1 
A ge 
YEARS NUMBER OF CASES | 
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2,537 36.73 
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TABLE 2 


Tubercle bacilli 


SPUTUM EXAMINATIONS NUMBER OF CASES | OF LIFE IN MONTHS 
Always 1,430 | 30.65 
| 
Equal number............... 76 30.98 
Majority negative........ 279 | 44.48 
Always negative 259 57.01 
No record......... | 39 | 27 .89 
Totals............ din 2,537 36.73 
TABLE 3 
Duration 
DURATION OF LIFE NUMBER OF CASES | PER CENT 
5 to 10 years......... 332 13.086 
| 
Average duration 36.73 | 99 .995 
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THE EFFECT OF PARATHYROID EXTRACT AND CALCIUM 
UPON CALCIFICATION AND HEALING IN 
PULMONARY TUBERCULOSIS’? 


BURGESS GORDON anp A. CANTAROW 


One of the striking features of calcification is the apparent uniformity 
in the chemical composition of calcific deposits, normal and pathological. 
As stated by Wells (1), “Calcium salts are laid down in tubercles accord- 
ing to the universal principle that necrotic tissues, or for that matter, 
any nonliving permeable or extraneous foreign material (e.g. silk 
sutures, gauze drains) which cannot be absorbed, will become impreg- 
nated with calcium salts.””’ Maver and Wells (2) have made careful 
analyses of a series of calcified tuberculous lesions and their results 
indicate that the inorganic composition of areas, the sites of pathological 
calcification, is practically indentical with that of normal bone. A 
complete review of the subject is given by Wells (3). 

Since calcification of a tuberculous lesion is considered an indication 
that the process is healed, Russell (4), van Gieson and Lynah (5), 
and others have attempted to promote calcification of such lesions by the 
administration of calcium salts. In a review of the subject Kahn (6) 
concluded that such treatment is of doubtful value. It is significant 
perhaps that the majority of favorable reports are the result of clinical 
observations since striking data have not been obtained from experi- 
mental studies. Maver and Wells (2), investigating the effect of calcium 
administration on tuberculous lesions in guinea pigs, conclude that this 
procedure does not increase calcium deposition. On the other hand, 
Pelouze and Rosenberger (7) found that the combined administration of 
parathyroid extract and calcium to animals resulted in a gain in weight 
and limitation of the extent of the tuberculous process. 


1 From the Medical Service of Dr. Thomas McCrae and the Department for Diseases of 
the Chest, Jefferson Hospital, Philadelphia, Pennsylvania. 

2 The expenses for this investigation have been defrayed, in part, by a grant from the 
Lessing J. Rosenwald Fund for the study of factors which ;influence the resistance of the 
body to infection. 

3 Read at the twenty-fifth annual meeting of the National Tuberculosis Association, 
Atlantic City, New Jersey, May 29, 1929. 
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The question of demineralization in tuberculosis has been considered 
by Ott (8) and Mayer (9), and their observations suggest that so called 
mineral metabolism differs slightly from that noted in simple under- 
nutrition. In patients maintained in approximate nitrogen and caloric 
equilibrium there was no apparent loss of either calcium or magnesium 
(8). Despite the fact that evidence has not been obtained in support 
of the theory that tuberculosis is associated with demineralization, that 
no decrease in the calcium content of blood or tissues has been demon- 
strated, and that no increase in calcification of tuberculous lesions in 
patients has been noted following calcium administration, the salts are 
still widely employed in the treatment of pulmonary tuberculosis. 

It has been considered, until recently, extremely difficult, if indeed 
possible, to increase the calcium content of the blood above normal by 
the oral administration of parathyroid extract or calcium salts. In 
1927 Roe and Kahn (10) demonstrated with great value that a state of 
hypercalcaemia may be obtained if certain fundamental precautions 
are observed. ‘Their findings suggest that a satisfactory calcium effect 
may be obtained if the salt is administered one to two hours before 
meals. An extract of the parathyroid gland devised by Collip (11) for 
intramuscular injection has been found to increase effectively the con- 
centration of calcium in the blood-stream. Greenwald and Gross (12) 
have shown that the elevation of the calcium in the blood and increased 
calcium excretion occur following the use of the extract on a calcium-free 
diet. They conclude that calcium loss occurs at the expense of tissues 
which represent the fixed calcium deposits of the body. Hunter and Aub 
(13) confirmed these findings, and conclude likewise that parathyroid 
hormone causes an increased excretion of lime salts, the source being 
largely in the bones. 

In addition to the use of calcium salts in disturbances of mineral 
metabolism parathyroid hormone has been widely employed. Bass- 
ler (14) noted marked improvement in a patient with osteitis de- 
formans following the oral intake of parathyroid extract. Mandl (15) 
used the substance successfully in a patient with osteitis fibrosa. 
Hueper (16) observed the effect of injections of parathyroid hormone 
upon the calcification of fractures in cats, and concluded that the pro- 
duction and calcification of osteoid tissue is apparently stimulated. In 
a further study Hueper (17) noted the occurrence of metastatic calcifica- 
tion in the thyroid gland, heart muscle, stomach, duodenum and kidneys 
in dogs following the administration of parathyroid extract. The dosage, 
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although not stated, was apparently high, since marked hypercalcaemia 
occurred. No such anatomical changes were noted following moderate 
doses given to animals observed in the study of the calcification of 
fractures (16), although areas of focal necrosis in the myocardium and 
suprarenal glands were present in a few instances. 

In view of the occurrence of metastatic calcification following the 
administration of parathyroid hormone, a number of pertinent questions 
have been raised. Is it possible to influence favorably the repair of 
tuberculous lesions in human subjects by increasing the mobilization of 
calcium? Is there danger of abstracting calcium salts from healed 
tuberculous nodules or depositing salts in normal areas, and thus de- 
feating the purpose of this plan of treatment? Are the effects more 
pronounced if calcium is administered in addition to parathyroid extract? 

In a preliminary investigation undertaken at the Chest Department 
of the Jefferson Hospital in 1925 (19) parathyroid extract was adminis- 
tered to 60 tuberculosis patients (10 units twice daily) to determine the 
effect upon symptoms, calcification and the course of the disease. 
Treatment varied from a few days to five months. The objective studies 
consisted of roentgen-ray observations, blood-calcium and blood-clotting 
determinations, strength tests, laryngeal examinations, and the record- 
ing of weight, temperature, pulse-rate and blood-pressure. ‘The sub- 
jective observations were limited necessarily to the occurrence of symp- 
toms. ‘The following data were noted: In most instances an increase in 
blood-calcium (1-3 mgm. per 100 cc. of blood) was maintained (normal 
variation 9-11 mgm. per 100 cc. of blood). There seemed to be a favor- 
able influence upon strength and on vague muscular pains, and a transient 
sensation of warmth and dryness of the skin and mucous membranes were 
noted. Cough and the amount of sputum were diminished in 34 patients; 
those patients with nonproductive cough experienced marked discomfort, 
due apparently to the increased dryness of the respiratory passages; 
pain of acute pleurisy was relieved in 14 patients and in several instances 
a decidedly favorable effect upon haemoptysis occurred. ‘There was no 
definite change in pulse-rate or blood-pressure. 

So far as determi?féd by roentgen-ray and physical examinations, there 
was no change in the activity of the tuberculous process, except possible 
decrease in the exudate, which could be attributed definitely to the 
action of the parathyroid hormone. In a few instances rather marked 
elevations of temperature and signs of increased activity were noted, 
but these did not occur so constantly as to suggest a relationship of 
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cause and effect rather than pure coincidence. In several patients an 
unusual increase in weight occurred without demonstrable improvement 
in the pulmonary lesions. One patient gained 22 pounds, but the disease 
advanced considerably both in extent and activity. 

Nineteen patients in this group have been observed for three years 
since treatment was discontinued. Calcification occurred in three 
patients and fibrosis was noted in four instances, but the exact relation- 
ship between the occurrence of these changes and the effect of treatment 
could not be established. Four patients showed an extension of the dis- 
ease. In the remaining number there was no definite change. Twenty- 
nine patients have died and twenty have not been traced. In several 
patients examined at necropsy there was no evidence of calcification 
that would not be expected in the usual process of healing. Metastatic 
calcification in the kidneys and vascular system was not observed. 

Since the use of parathyroid extract failed apparently to influence 
calcification further studies were undertaken to determine the effects of 
calcium lactate (30 grains three times daily, 2 to 3 hours after meals) 
administered in addition to parathyroid extract (20 units every 48 hours). 
A group of 14 patients was observed from one to six months (two, one 
month; three, two months; three, 4 months; three, 3 months; one, five 
months; two, six months). Roentgen-ray studies of the lungs and bones 
of the hands were made before treatment was instituted for comparison 
with roentgenographs taken every two weeks during the course of treat- 
ment. In the roentgen-ray studies there was no evidence of calcification 
or decalcification in the lungs or bones. Symptomatic manifestations, 
occurring 4 to 8 hours after the administration of parathyroid hormone, 
were similar to those noted in the first group of patients. ‘Three patients 
complained of intestinal symptoms which were due apparently to the 
effect of calcium lactate; in two instances it was necessary to omit the 
administration for one or two days. 


COMMENT 


The influence of parathyroid hormone, according to Collip (20), 
appears to be that of a regulator of calcium metabolism and its action 
is primarily as a calcium mobilizer. Since it was possible to increase the 
amount of circulating calcium it would appear that if deposition of lime 
salts depended chiefly on mobilization there should be evidence of change 
in the lung-fields. The failure to obtain calcification suggests that the 
level of the blood-calcium is less important than factors which influence 
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utilization (21), as may be involved in the chemical and physiological 
state of the tissues. 

It appears that the clinical manifestations noted during the course of 
calcium and parathyroid administration were the expression of a general 
pharmacological calcium effect rather than evidence of specific change in 
the tuberculous process. 

In considering the possible value of parathyroid extract in pulmonary 
tuberculosis, the possibility of doing immediate harm by overdosage, 
especially in unsuitable cases, should not be overlooked. This was em- 
phasized in patients with haemoptysis (22) in whom bleeding returned 
if the treatment was prolonged and in patients with unproductive cough 
who were especially uncomfortable if the hormone was administered in 
high dosage. So far as the present investigation is concerned the ques- 
tion of permanent untoward effects is largely of academic interest, since 
there is no evidence suggesting that calcium was deposited in normal 
tissue or that any considerable abstraction occurred in the bones. The 
danger of withdrawing salts from deposits in the lung-fields appears 
remote, since the process of calcification presupposes an area of extremely 
low, if any, vital activity. Furthermore, since the area of calcification 
is essentially avascular, at least after calcific deposits have been estab- 
lished, it appears unlikely that an effective action of parathyroid hormone 
in such an area could be promoted. On theoretical grounds, in order to 
obviate the possibility of a calcium loss from the bones through increased 
excretion during prolonged administration, it is judicious, perhaps, to 
supplement the use of parathyroid hormone by the oral administration 


of calcium. 
CONCLUSIONS 


1. A roentgenographic study of 60 tuberculosis patients to whom 
parathyroid extract was administered (10 units twice daily), from one to 
four months, showed no specific change in the course of the disease 
except as obtained through the relief of signs and symptoms, notably 
haemoptysis, pleurisy, cough and expectoration. ‘There was no evidence 
of decalcification or increased calcium deposition in the lungs. 

2. Parathyroid extract (20 units every 48 hours) and calcium lactate 
(30 grains three times daily) were administered to 14 patients with pul- 
monary tuberculosis for a period of one to six months. The results 
were similar to those noted in the first group. Roentgendgraphic studies 
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failed to reveal any change in calcification of the lung-fields or bones of 
the hands and there was no visualization of the blood-vessels. 

3. It appears that diseased or potentially diseased tuberculous tissue 
is not influenced directly by hypercalcaemia and that parathyroid 
hormone and calcium should not be administered with the expectation 
of inducing calcification. ‘The influence of these agents on certain 
phenomena arising during the course of the disease may be considered of 
value in treatment. 
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THE EFFECTS OF GLYCERINE AND OLD TUBERCULIN 
ON THE BLOOD OF NORMAL GUINEA PIGS COM- 
PARED WITH THE EFFECTS OF SMALL AMOUNTS 
OF TUBERCULIN BEFORE AND AFTER INOCU- 
LATION WITH LIVING TUBERCLE BACILLI: 


EDNA H. TOMPKINS 
INTRODUCTION 


From the time when Koch (6) introduced the production of “tuberculin” 
in its various forms, and demonstrated the extreme sensitiveness manifested 
to it by a tuberculous subject, controversy has prevailed concerning the diag- 
nostic, prophylactic and therapeutic values of the preparations. This con- 
troversy will probably continue until the fundamental principles of the reac- 
tions of individuals sensitive to it are understood. Undoubtedly one of the 
important factors involved in an understanding of these fundamental prin- 
ciples is a knowledge of the cellular responses to tuberculin. This includes a 
knowledge of the similarity and differences of the reactions manifested to it 
by the tuberculous and nontuberculous subjects, atid of the local, focal and 
systemic responses. The reports of Cunningham, ef al. (4), and of Camp, 
et al. (2), indicate that the blood of animals experimentally inoculated with 
tubercle bacilli gives a systemic index of the reactions occurring in the fixed 
tissues. In consequence of these findings it was felt that studiesby the supra- 
vital technique of the blood and tissues of animals, incident to injections of 
tuberculin, might throw new light upon the reactions of the tissues to 
tuberculin. 

The data in the literature which give evidence of a general systemic reaction 
from tuberculin, as indicated by the cytopathology of the blood, have been 
obtained mostly from studies upon tuberculous patients, under which con- 
dition the extreme toxicity of tuberculin is universally conceded. Ullom and 
Craig (13) review the literature and conclude that the changes in the blood 
after tuberculin correspond to those found in experimental tuberculosis and 
consist of a transitory neutrophilia and eosinophilia. From their own studies 
they report that in mild cases of tuberculosis the neutrophiles, cosinophiles, 
lymphocytes and transitionals increase, and the large mononuclear cells de- 


1 From the Department of Anatomy, Vanderbilt University School of Medicine, Nash- 
ville, Tennessee. Assisted by a grant to Dr. R. S. Cunningham from the National Tubercu- 
losis Association. 
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crease after treatment; while under the same conditions in severe cases, the 
neutrophiles and transitionals decrease, the lymphocytes remain stationary or 
increase slightly, and the eosinophiles and large mononuclears increase. They 
do not state specifically with what forms of treatment they are dealing. Can- 
toir (3) finds that administration of tuberculin to the tuberculous subject may 
be followed by either a polymorphonuclear leucocytosis, a lymphocytosis, or a 
“mononucleosis.” Black (1) reports an increase of total leucocytes when tu- 
berculin is given to the tuberculous individual. He remarks that the increase 
falls especially upon the cells with more than one nucleus, and that there is 
a decrease in mononuclear cells. He also finds that the polymorphonuclear 
cells are more actively phagocytic toward tubercle bacilli than are the mono- 
nuclear cells. From his description of the mononuclear leucocytes it is very 
probable that he is describing the monocyte. Scholz (10) reports that when 
tuberculin is administered to either the tuberculous or nontuberculous animal 
there results an increase in total white cells, lymphocytes and eosinophiles, and 
a decrease in neutrophiles, and that these changes are irrespective of previous 
injections of tuberculin. Miller and Reed (8) quote previous authors to the 
effect that the circulating eosinophiles increase in number when tuberculin is 
given to patients with an acid-fast infection. Milio (7) reports, first, an in- 
crease, and Jater a decrease of total white blood cells, especially of the poly- 
morphonuclear neutrophiles, during the course of continued treatment of 
children with tuberculin. Schittenhelm (9) reviews the literature, and con- 
cludes that in the case of the tuberculous individual tuberculin stimulates a 
neutrophilia and frequently an eosinophilia. Holst (5) and Stewart and his 
associates (11) (12) have approached the problem from a different standpoint. 
By various supravital methods, or by fixed staining, they have made cytologi- 
cal studies of the local tissue reactions and exudates which result from intra- 
peritoneal or intracutaneous injections of tuberculin. Holst finds that the 
intraperitoneal injection of tuberculin stimulates an infiltration of polymor- 
phonuclear neutrophilic cells which are very short lived, and that this effect is 
more marked in tuberculous than in normal animals. Stewart and his asso- 
ciates state that, in the case of sensitized animals, reinfection or the injection 
of tuberculin results in localized reactions which are characterized by an 
increase of polymorphonuclear neutrophiles which are so sensitized that they 
quickly perish. They find that this neutrophilic leucocytosis is followed by a 
mononucleosis, and they consider that the latter is stimulated by the death and 
necrosis of the neutrophiles with the liberation of fat. 


EXPERIMENTAL TECHNIQUE AND PRESENTATION OF DATA 


In the series of experiments reported here the studies have been con- 
fined to analyses of the blood by the supravital technique; to examina- 
tion of the tissues in the gross; to the study of microscopic preparations, 
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including scrapings made at the time of autopsy and stained supravitally, 
and fixed sections stained with haematoxylin and eosin or carbol-fuchsin; 
and to analysis of the tenure of life of animals under various experimental 
conditions. 

Twenty-eight guinea pigs were studied. Fifteen animals (1-17) re- 
ceived inoculations of tubercle bacilli. Of these 15 animals, six (1-7) 
were given long continued injections of small amounts of dilute tubercu- 
lin and then an inoculation of tubercle bacilli; six (12-17) were given an 
equivalent inoculation of bacilli and then long continued injections of 
small amounts of dilute tuberculin; and three (9-11) were inoculated with 
bacilli only and then used as control animals. Besides the 15 animals 
of this series which were thus inoculated, 6 guinea pigs (18-23) were 
given repeated intraperitoneal injections of large amounts of tuberculin 
of either the standard strength of 1 mgm. of tuberculin to 1 cc., or diluted 
with physiological saline solution. ‘Two of these (22 and 23) were also 
given one intraperitoneal injection each of glycerine and of physiological 
saline solution alone. As a control to these 6 experimental animals 
which received large quantities of tuberculin, 7 guinea pigs (24-30) 
were given repeated intraperitoneal injections of large amounts of 
glycerine diluted with physiological saline solution, and one injection 
each of physiological saline solution alone. Five of these (24-28) were 
also given one intraperitoneal injection each of tuberculin. 

The inoculations of animals (1-17) were all made at one time. One 
cubic centimetre of a suspension, in physiological saline solution, of a 
fresh growth of human tubercle bacilli, strain H37, so diluted that 1 cc. 
contained 300,000 bacilli, was injected intraperitoneally into each ani- 
mal. ‘The concentration was determined by means of the Petroff-Hauser 
bacterial counting chamber. 

Intracutaneous tests made upon animals (1-17) before any experimen- 
tal measures were instituted were negative with tuberculin of the stand- 
ard commercial strength. These reactions continued to be negative in 
animals (1-7) after the course of injections of tuberculin. Nine weeks 
after inoculation all exhibited a reaction to the intracutaneous injection 
of 0.1 cc. of a solution containing 0.001 mgm. of tuberculin to 1 cc. 

The old tuberculin (O.T.) manufactured by Mulford & Company was 
used throughout the experiments. This represents the filtrate from a 
concentrated glycerine-broth culture of human tubercle bacilli, and is so 
titrated that it contains 50 per cent glycerine and 1 mgm. of tuberculin 
to 1 cc. of solution. For the injections in these experiments it was em- 
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ployed in its standard commercial strength of 1.0 mgm. of tuberculin to 
1 cc., and was also diluted with physiological saline solution to strengths 
of 0.1, 0.01, 0.001 and 0.000,1 mgm. to 1 cc. All injections were made 
intraperitoneally. 

Of the six animals (1-7), which received tuberculin before the inocula- 
tion of the bacilli, three (1-3) received daily injections which began with 
1 cc. of the solution containing 0.01 mgm. to 1 cc. and which increased by 
about 0.005 mgm. daily until 2 mgm. had been given. ‘These injections 
continued over a period of 32 days, and inoculation was made 31 days 
after the last injection of tuberculin. The other three animals (4-7), 
which received tuberculin before the inoculations, were given daily in- 
jections which began with 2 cc. of the solution containing 0.01 mgm. in 
1 cc., and which increased by about 0.02 mgm. every other day until 2 
mgm. had been given. ‘These injections continued over a period of 30 
days, and inoculation was made 21 days after the last injection of tu- 
berculin. 

Of the six animals (12-17) which received tuberculin after the inocu- 
lation of the bacilli, three (12-14) received daily injections which began 
with 2 cc. of the solution containing 0.001 mgm. to 1 cc. and increased by 
about 0.001 mgm daily until 2 mgm. hadbeengiven. Theseinjections were 
begun 5 days after inoculation and continued over a period of 50 days. 
The other three animals (15-17), which received tuberculin after the in- 
oculation, were given one injection of 0.005 mgm. 6 days after inoculation, 
and then no further injections until 32 days after inoculation. At that 
time daily injections were started. ‘These began with 1 cc. of a solution 
containing 0.000,1 mgm. of tuberculin in 1 cc. and were increased by 
0.000,1 to 0.005 mgm. daily until 2 mgm. had been given. They 
continued over a period of 61 days. 

The animals (18-28) which received tuberculin in larger quantities 
were injected at various intervals with amounts which varied from 1.0 cc. 
of the solution containing 0.1 mgm. of tuberculin in 1 cc. to 2.6 cc. of 
the standard commercial solution. 

The injections of glycerine (experiments 22-30) were made at various 
intervals with concentrations in saline solution of 50, 25 and 10 per cent. 
The amounts given at any one time ranged from 5 cc. of the 50 per cent 
solution to 4 cc. of the 10 per cent solution. 

For the control injections with physiological saline solution (animals 
22-30) a single intraperitoneal injection of 10 cc. of the solution was given 


to each animal. 
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Before any experimental procedure was instituted, control counts were 
made upon the blood until a satisfactory normal standard was es- 
tablished. These counts included a total white blood count and a 
differential count by the supravital technique, using neutral-red for the 
stain. From these data the absolute numbers of the different cells of 
the blood were obtained. All estimations of changes occurring in the 
blood incident to any experimental procedures were made upon these 
absolute numbers of cells. The counting of the blood was continued 
throughout the life of the animal. Charts are given characteristic of 
the findings in each group. 

These experiments permit of analyses from a number of angles. In 
the first place they may be analyzed as to the effects of injections of 
glycerine alone upon the white blood cells and tissues of normal guinea 
pigs. In the second place they may be analyzed as to the effects of tu- 
berculin upon the white blood cells and tissues of the normal animal when 
it is injected in various amounts and at various intervals. The effects 
following injections of tuberculin in the normal animal may in turn be 
examined for differences from those following injections of glycerine 
alone. Further, the findings may be analyzed as to the effects of tubercu- 
lin upon the blood and tissues of the tuberculous animal in contrast to 
its effects upon the normal animal, or in contrast to the effects due to 
tuberculosis alone. ‘They also permit analysis of the effects of a subse- 
quent tuberculous infection upon the blood and tissues of animals which 
have been subjected to injections of tuberculin previous to inoculation, 
in contrast to the effects due to tuberculosis alone. Lastly, the data may 
be examined for any differences which result in the duration of life of 
tuberculous guinea pigs consequent upon injections of tuberculin under 
various conditions. 

When we turn to the first problem, that is, the effects of intraperitoneal 
injections of glycerine in various dilutions upon the white blood cells and 
tissues of the normal animal (experiments 22-30) we obtain very defi- 
nite findings. In concentrations of 50 per cent or more, the animal usu- 
ally died within a few hours of injection, and exhibited a generalized peri- 
toneal hyperaemia with the presence of much free straw-colored fluid. 
With concentrations varying between 10 and 25 per cent the animals 
withstood amounts in the neighborhood of 10 cc. Such injections were 
followed by leucocytoses of varying severities, which seemed to have no 
relationship to the amounts or concentrations of glycerine injected, nor 
to the occurrence of previous injections. ‘These leucocytoses following 
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injection were accompanied by sharp increases in the numbers of circu- 
lating polymorphonuclear neutrophiles, and usually by slight increases 
in those of the monocytes. At times there were moderate lymphopoenias 
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CHART 2 


Curves of the absolute numbers of the various cells of the blood of animal no. 28 which 
received one injection of physiological saline solution and repeated injections of glycerine 
followed by one of tuberculin 


FE: Eosinophiles G: Injection of glycerine 
L: Lymphocytes T: Injection of 10 per cent tuberculin 
M: Monocytes S: Injection of physiological saline solution 


PMN: Polymorphonuclear neutrophiles 
WBC: Total white blood cells 
M/L: Ratio of monocytes to lymphocytes 


for the first twelve hours after the injections, but these never endured for 
a longer period of time. Usually the numbers of circulating lympho- 
cytes exhibited either no change or they increased parallel with the 
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leucocytoses. The eosinophiles presented no consistent changes. Within 
forty-eight hours the various cells of the blood returned to their normal 
levels. Subsequent injections elicited no differences of effects from those 
observed after the primary injections. In most instances, once the blood 


~ 


Cuart 3 
Curves of the absolute numbers of the various cells of the blood of animal no. 7 which 
received repeated small injections of tuberculin previous to inoculation with tubercle bacilli, 
E: Eosinophiles M/L: Ratio of monocytes to lymphocytes 


L: Lymphocytes T: Curve of daily injections of tuberculin. 
M: Monocytes Each large square is equivalent to 0.025 
PMN: Polymorphonuclear neutrophiles mgm. of tuberculin. 


WBC: Total white blood cells 


had returned to normal after an injection there were no further changes 
observed, but in three instances a lymphocytosis accompanied by a leu- 
cocytosis developed three to four days subsequent to the second injec- 
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CHART 4 


Curves of the absolute numbers of the various cells of the blood of animal no. 19 which 
received repeated large injections of tuberculin. 
E: Eosinophiles M/L: Ratio of monocytes to lymphocytes 
L: Lymphocytes T: Injection of 10 per cent tuberculin 
M: Monocytes 
PMN: Polymorphonuclear neutrophiles 
WBC: Total white blood cells 
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tion of glycerine and continued for a number of days. Injections super- 
imposed upon these lymphocytoses called forth similar responses to 
those observed after the other injections in this group, and elicited no 
further increases in the lymphocytes. Charts 1 and 2 give graphically 
the findings observed in animals 25 and 28 respectively and are illustra- 
tive of those of the other animals of the group. 

When we turn to the second problem, that is, the effect of tuberculin 
upon the blood and tissues of the normal animal, we obtain even more 
definite findings. In those animals in which it was injected in small 
and frequently repeated amounts (1-7) the changes in the blood follow- 
ing the individual injections, whether these were initial or repeated, were 
not sufficiently marked to be of significance; but in contrast to the indi- 
vidual counts, on the other hand, the averages (table 1) of the counts 
made throughout the entire course of the injections in these guinea pigs, 
when compared to the normal averages, show moderate increases in total 
white blood cells and monocytes in all of the animals. The averages 
of the eosinophiles also show moderate increases in most instances (ani- 
mals 1, 4,6, 7). ‘The lymphocytes usually decreased slightly during the 
course of the earlier injections, but increased slightly during that of the 
later ones, and remained above normal for a considerable time after the 
course of injections terminated (see chart 3 for animal 7). As a conse- 
quence, their averages for the entire period during which tuberculin was 
given show no significant changes from the normal. 

When larger injections were given (experiments 18-28) there were 
pronounced effects upon all of the white cells of the blood. Charts 4 
and 5, for animals 19 and 22 respectively, are representative of this group. 
For the first day or two after injection there were marked increases in 
total white cells, polymorphonuclear neutrophiles, monocytes and ratios, 
and at the same time there were striking decreases in lymphocytes, re- 
sulting in elevations of the monocyte-lymphocyte ratios. These lym- 
phopoenias appeared within 12 hours of injection and lasted from 24 to 
48 hours. These changes in the blood occurred irrespective of whether 
the injection was primary, or followed upon previous ones; and, provided 
the amount of tuberculin injected was sufficient to produce any obvious 
effect at all, the magnitude of the changes seemed relatively independent 
of the concentration of the injection. ‘The eosinophiles, on the other 
hand, showed differences in reaction, dependent upon whether the in- 
jection was a primary or a subsequent one. In the earlier injections 
they showed decreases from their normal levels, but with each succeed- 
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ing injection these became less, and in the later injections they exhibited 
marked increases. After a day or two the different types of cells returned 
to their normal levels with the exception of the lymphocytes. The 
lymphocytes gradually rose from the low levels to which they had fallen, 
immediately following injection, to numbers far above their normal levels, 
and tended to maintain these increases for many days. ‘The increases 
were frequently accompanied by normal total white blood counts and 
were then at the expense of the polymorphonuclear neutrophiles, but as 
often they were accompanied by definite leucocytoses. Injections of 
tuberculin during such lymphocytoses elicited the same responses in the 
blood as they had preceding the periods of lymphocytosis. The total 
white blood counts, the monocytes, the neutrophiles and the eosinophiles 
showed increases similar to those following the primary injections of 
tuberculin, and the decreases in lymphocytes became even more marked 
in contrast to the high levels of these cells just preceding injection. 
These decreases lasted the usual 24-48 hours, and the cells then gradually 
rose to the same high levels to which they had risen after the earlier 
injections. 

In summary, the reaction of the blood of normal guinea pigs to intra- 
peritoneal injections of dilute or strong tuberculin, in repeated or single 
injections, consisted of a decrease in lymphocytes and an increase in 
total white cells, monocytes, eosinophiles, and in the monocyte-lympho- 
cyte ratios. When the injections were very small these changes were so 
slight as to become evident only when the averages of many counts made 
during the period of injections were computed; but with moderately 
concentrated injections the changes were marked and seemed to bear no 
specific relationship to the quantities of tuberculin given. After the im- 
mediate effects of injection had worn off and the numbers of the other 
cells of the blood had returned to normal, the lymphocytes gradually in- 
creased and maintained for many days levels considerably above normal. 

In studying the findings connected with the administration of tubercu- 
lin in very small quantities, either subsequent to (animals 12-17) (table 
2) or preceding (animals 1-7) (table 1) inoculation with tubercle bacilli, 
it is best, first, to examine the findings following inoculations in the whole 
series of inoculated animals (1-17), in order to separate the findings 
specific to infection from those incident to the injections of tuberculin. 
This general survey of the entire series brings out certain changes which 
are common to all of the animals after inoculation, and which seem irre- 


spective of the injections of tuberculin. First, about three to four weeks 
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after inoculation, every animal, regardless of the subsequent course, 
developed definite increases in the total numbers of circulating white cells 
and monocytes, and at about the same time active reactions to intracu- 
taneous injections of tuberculin in dilutions of 0.001 mgm. to 1 cc. 
Secondly, regardless of the length of life, each animal developed marked 
increases in monocytes and marked decreases in lymphocytes in the ter- 
minal counts, with consequent elevations of the ratios. The total white 
cells and the eosinophiles, on the other hand, showed no constant changes. 
In other words, the general reactions of the blood were similar in all of 
the animals, and they corresponded to those found by Camp, et al., in 
tuberculosis of the guinea pig. On the other hand, if we compare the 
magnitude of these changes in the different animals, we find that while 
the total white cells and monocytes in all animals increased after infec- 
tion, the amount of increase was greater in those animals which were 
injected with tuberculin previous to inoculation (1-7) (table 1). In 
those animals which were injected with tuberculin subsequent to inocu- 
lation (12-17) (table 2) the averages of the total white cells and mono- 
cytes during the period that tuberbulin was given, while elevated above 
the normal, were lower than the averages in the portions of the post- 
inoculation periods which preceded and followed the injections of tu- 
berculin. That is, the tuberculin in small and frequently repeated 
amounts, subsequent to inoculation, seemed to check somewhat the 
changes in the total white blood cells and monocytes consequent to in- 
oculation. As in the case of the similar injections of the normal animals, 
however, the changes in the blood following the individual injections 
were not sufficient to be significant (see chart 6 for animal 15). The 
lymphocytes, ratios and eosinophiles showed no consistent changes in- 
cident to the injections of tuberculin. 

This brings us to the analysis of any differences in effects which the 
administration of tuberculin, before or after the inoculation, had upon 
the duration of life of the different tuberculous guinea pigs (see tables 1 
and 2). In making this particular analysis, animals no. 9 and no. 16 
have been excluded from the series, as they are considered to have died 
from incidental causes rather than from tuberculosis. At autopsy, 
animal no. 9 showed congestive signs in the peritoneum indicative of an 
acute process, and sections revealed acute ulcerative lesions of the small 
intestine. Animal no. 16 was killed im extremis six hours after an injec- 
tion of tuberculin, which had been given after a lapse of one week after 


the previous injection. Before this administration of tuberculin, the 
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Experimental data for animals (1-7) which received small injections of tuberculin preceding 


EXPERIMENTAL NUMBERS AND THE 
DIFFERENT EXPERIMENTAL PERIODS 


Total 
Eosino- 
Experiment 1 
Experiment 2 
Experiment 3 
POStinoculation: 10,736 266 
Experiment 4 
14,807 918 
Experiment 6 
Postinoculation.................. 11,345 264 
Experiment 7 
6,947 440 
Postinoculation.. - 11,690 316 
Averages for the group as a whole 
12,305 367 


BLOOD. 


AVERAGES IN ABSOLUTE NUMBERS OF THE 
VARIOUS CELLS OF THE BLOOD 
IN THE DIFFERENT EXPERIMENTAL PERIODS 


Lympho- 
cytes 


4,757 
4,767 
4,652 


5,303 
5,174 
5,478 


4,573 
5,151 
3,586 


5,487 
4,534 
4,822 


4,169 
4,491 
3,470 


2,827 
2,928 
3,515 


4,519| 575] 0.1 


4,509 


4,254 | 1,199 | 0.6 


751 | 0.2 


DAYS OF 
LIFE AFTER 
INOCULA- 

Mono- Ratio 
cytes M/L 

694 153 
768 0.2 

858 0.2 94 
843 0.2 
1,358 0.5 

482 Oxt 85 
789 0.2 
1,074 | 0.3 

654 0.1 45 
885 0.2 
1,528] 0.5 

429 0.1 94 
621 0.1 
1,063 | 0.4 

332 137 
598 0.3 
1,060 0.6 
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guinea pig, while tuberculous, had shown no evidence of being seriously 
sick. With the exclusion of these two guinea pigs from the series, it is 


found that the average duration of life of the animals which received 


| | 
inoculation with tubercle bacilli 


TABLE 2 
Experimental data for animals (12-17) which received small injections of tuberculin after 
inoculation with tubercle bacilli 


BLOOD. AVERAGES IN ABSOLUTE NUMBERS OF THE 
VARIOUS CELLS OF THE BLOOD 
IN THE DIFFERENT EXPERIMENTAL PERIODS 
DIFFERENT EXPERIMENTAL PERIODS Total | IN- 
Eosino- | Lympho-| Mono- | Ratio | ==" 
cells philes cytes cytes M/L 
Experiment 12 | 
After [Before tuberculin. 12,800 |} 3,520} 2,368 | 1,408 | 0.6 
inocu- { During tuberculin........ 11,283 | 1,104) 3,838 902 0.3 
lation l After tuberculin: .. 14,902 655} 2,941 | 1,461 0.6 
Experiment 13 
8,947 315} 2,296 O22 108 
After {Before tuberculin......... 10,840 108) 5,040 | 1,192 | 0.2 
inocu- During tuberculin........ 8,816 | 3,062} 625] 0.2 
lation {After tuberculin.......... 8, 333 319} 3,161 640 | 0.4 
Experiment 14 | 
9,407 196] 6,265} 0.2 143 
After | 3efore tuberculin......... 11, 680 58| 8,117 525 | 0.1 
inocu- { During tuberculin........ | 11,908 200! 5,528 | 1,276] 0.3 
lation After tuberculin. | 11,833 167| 3,050 | 1,181 | 0.4 
Experiment 15 
5,860 | 165 3,513} 373] 0.1 257 
After (Before tuberculin......... 8,173 250) 3,784 748 | 0.2 
inocu- During tuberculin........ 7,504 | 340) 3,255 | 401] 0.1 
lation (After tuberculin.......... 9,758 | 458} 3,498 957 | 0.4 
Experiment 16 | 
10,554 | 315] 3,922} 1,171 | 0.3 80 
After {Before tuberculin......... | 11,053 | 175] 6,021 | 1,151 | 0.2 
inocu- During tuberculin........ 9,973 | 3,722 747 | 0.2 
lation (After tuberculin.......... | ———— 
Experiment 17 | | 
7,840 | 242} 3,365 497 | 0.2 108 
After {Before tuberculin......... | 8,005} 148] 4,079 | 1,402] 0.3 
inocu- During | 8,276 | 166) 2,020} 826] 0.4 
lation (After tuberculin.......... | 8, 200 | 41) 738 | 1,476 | 2.0 


Averages for the group as a whole 


| 8,618 | 305! 3,755 | 678] 0.2 | 
After { Before tuberculin.........| 10,455 | 710, 4,901 | 1,071 | 0.3 | 
inocu- 4 During tuberculin........ | 9,637 367) 3,571 | 796 | 0.3 
lation [After tuberculin.......... [10,605 | 328) 2,678 | 1,145 | 0.8 


* Animal no. 16 died in shock following an injection of tuberculin after a lapse of one week 
after the previous injection. This animal has been excluded in the calculation of the average 
duration of life of the group. 
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tuberculin following the inoculations (149 days) was considerably greater 
than was that of the control animals (93 days), or of the guinea pigs 
which received the tuberculin preceding the inoculations (101 days). 
In this connection, the terminal numbers of lymphocytes are of interest. 
In the control animals (8-11), and in those which received tuberculin 
previous to inoculation (1-7), we find that there was a definite inverse 
relationship between the lengths of life and the averages of the terminal 
lymphocyte counts; that is, those guinea pigs which lived longest had 
the lowest terminal numbers of lymphocytes, and vice versa. In those 
guinea pigs which received tuberculin after inoculation, while the ter- 
minal lyraphocyte counts were also low, this definite inverse relationship 
between length of life and terminal counts was not evident. 

Finally we turn to an analysis of the pathological findings in the ani- 
mals of these experiments, in order to determine whether glycerine or 
tuberculin had any effects upon the tissues of the normal guinea pigs, 
and whether tuberculin modified the pathological process which is char- 
acteristic of tuberculosis, when it was administered to them before or 
after inoculation. ‘The animals which died soon after massive injections 
of glycerine, and animals no. 18 and no. 19, which died after massive in- 
jections of tuberculin, showed marked congestion of the lungs and irri- 
tation of the peritoneum with considerable free peritoneal fluid. Sec- 
tions of the lungs of these animals showed moderate alveolar oedema. 
Otherwise the animals which received tuberculin only (18-21), or glycer- 
ine only (29 and 30), as well as those which received both tuberculin 
and glycerine (22-28), showed no gross pathological changes at the time 
they were killed for autopsy; and scrapings of their tissues stained supra- 
vitally revealed no cellular abnormalities. Sections of the lungs of the 
animals which received both glycerine and tuberculin (23, 24 and 30), 
and of two which received tuberculin only (18 and 21), showed scattered 
small areas of localized lymphoid and large mononuclear infiltrations. 
These areas were mostly peribronchial or subpleural in position. In one 
instance (animal 21) they were fairly extensive, and while showing no 
necrosis, and not definitely in a formation characteristic of tubercle, 
they nevertheless suggested tuberculous tissue. 

With the exception of animal no. 9, which died soon after inoculation 
and showed evidences of intestinal ulceration and peritonitis, the patho- 
logical changes in all of the inoculated animals (1-17) was the same. 
They were typical of a chronic and generalized tuberculosis and their 
character appeared irrespective of whether tuberculin was administered 
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before or after inoculation. The livers, spleens, lungs, and lymph nodes 
especially showed tubercles of various sizes, and large areas of necrosis 
and caseation. In the fresh scrapings stained with neutral-red at the 
time of autopsy there were invariably great numbers of epithelioid cells; 
and in the fixed sections there were the evidences of massive production 
of large mononuclear cells and of fibrous tissue. Bacilli could always be 
demonstrated, both in the fresh scrapings and in the fixed smears stained 
with carbol-fuchsin. Collections of lymphocytes were present here and 
there in all of the animals, but they were not found consistently in any 
one tissue, and throughout the series they were by no means a conspicu- 
ous occurrence. The lymph nodes showed consistently much replace- 
ment of the normal elements by fibrous tissue, areas of caseation, and 
infiltrations with large mononuclear cells. 


DISCUSSION 


The findings described above indicate that, when injected intraperi- 
toneally, both Old Tuberculin and glycerine may be toxic to the normal 
guinea pig; that they cause local irritation of the tissues without definite 
permanent pathological lesions; and that they call forth general systemic 
reactions which become manifest in the blood. It is necessary to examine 
the findings in detail, and from several points of view, in order to deter- 
mine the differences in these reactions and their significance in 
tuberculosis. 

Tuberculin was lethal to the guinea pigs in amounts in the neighbor- 
hood of 2.0 cc. of the concentrated product, that is, with a concentration 
of 50 per cent of glycerine. In dilutions of one-tenth that strength, that 
is, with 5 per cent of glycerine, it produced a definite leucocytosis with 
increases in the polymorphonuclear neutrophiles and monocytes and 
marked and prolonged lymphopoenia. When the immediate reactions 
had worn off, the lymphocytes showed gradual and prolonged rises above 
normal. Repeated injections always called forth similar leucocytoses 
and striking depressions of the lymphocytes, but were likewise accom- 
panied by increases of the eosinophiles progressively greater after each 
injection. While the changes in the blood following very small individual 
injections were not sufficient to be significant, the averages of the findings 
over a period of such injections were in accord with the changes incident 
to the larger injections and indicated slight increases of the monocytes 
and neutrophiles, and primary decreases, with later increases, in the 
lymphocytes. 
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Glycerine likewise was very toxic, and often lethal, to guinea pigs when 
injected in high concentrations. In dilutions between 10 and 25 per 
cent (strengths 2 to 5 times as great as that contained in one-tenth dilu- 
tion of Old Tuberculin) it frequently produced definite leucocytoses and 
increases in the neutrophiles as great as those produced by tuberculin. 
Usually there were slight increases in the monocytes. At times glycer- 
ine gave rise to moderate lymphopoenias, but when present, these were 
always very transitory. Just as often the lymphocytes exhibited no 
changes, or they showed even elevations in numbers. No consistent 
effects upon the eosinophiles were observed, and in only a few instances 
were there lymphocytoses after the immediate effects of the injections 
had subsided. Repeated injections showed no variations from these 
reactions. 

In other words, with both Old Tuberculin and glycerine there were 
comparable leucocytoses and increases in polymorphonuclear neutro- 
philes, and very slightly greater increases in monocytes after tuberculin 
than after glycerine. On the other hand, amounts of tuberculin contain- 
ing one-half or less the amount of glycerine which was used alone elicited 
lymphopoenias of a grade and duration such as were never found after 
glycerine. Likewise they resulted in subsequent lymphocytoses far 
more regularly than did the injections of glycerine, and, upon repetition, 
stimulated gradual and progressive increases in the eosinophiles which 
were not found consequent to repeated injections of glycerine. 

It is therefore obvious that while the leucocytoses and increases in 
polymorphonuclear neutrophiles and, in part, also, the increases in mono- 
cytes, which occur after intraperitoneal injections of tuberculin in normal 
animals, may possibly be due to the content of glycerine contained in 
the tuberculin, the lymphopoenias, the eosinophilias and the subsequent 
and prolonged lymphocytoses must be due to other factors in the Old 
Tuberculin than glycerine. It is equally obvious that Old Tuberculin 
is more toxic to a normal animal than an amount of glycerine comparable 
to, or greater than, that contained in the tuberculin. 

What, on the other hand, is the relationship between the reactions 
elicited in the normal guinea pig after intraperitoneal injections of tu- 
berculin, and those found ordinarily in tuberculosis? Camp, ef al., 
have shown that in tuberculosis in the guinea pig there may or may not 
be increases in the total white blood cells and eosinophiles, but that there 
is typically a gradual rise in the number of circulating monocytes and, 
late in the course of the disease, a gradual fall to very low levels in the 
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number of circulating lymphocytes, with a consequent rise in the mono- 
cyte-lymphocyte ratio. ‘The same findings were observed in the inocu- 
lated animals of this series. The transitory changes produced in the 
blood of the normal animal after intraperitoneal injections of tuberculin 
are, therefore, similar to the progressive ones in the mononuclear cells 
of the blood in tuberculosis, and it seems reasonable to suppose that they 
are the same factors. Holst has shown that the kidneys quickly ex- 
crete tuberculin in Jarge amounts when it is injected intravenously; and 
the short duration of the effects produced upon the blood by tuberculin, 
compared to the progressiveness of those which occur in tuberculosis, 
may be due to the fact that tuberculin from a single injection is so rapidly 
excreted that it exerts its influence for but a short time, while, in contrast 
to this, it is probably constantly produced in increasing amounts in the 
tuberculous animal as the infection spreads. 

The striking difference in the reaction of the blood in tuberculosis 
from that after intraperitoneal injections of tuberculin is the subsequent 
prolonged lymphocytosis which occurs after the latter procedure. When 
we consider that a marked lymphopoenia may always be superimposed 
upon this lymphocytosis by new injections of tuberculin, and that the 
other changes which occur in the blood following the tuberculin dis- 
appear in about two days, this lymphocytosis most likely represents a 
reaction to the preceding toxic decrease in the lymphocytes. Such a 
latent increase of the lymphocytes, on the other hand, would naturally 
not be expected in an acid-fast infection with a steady production of that 
toxic agent which causes a decrease in these cells. 

The progressive increase in the eosinophiles following the repeated 
injections of tuberculin is of interest in relation to tuberculosis. The 
eosinophile has frequently been considered of significance in tuberculo- 
sis, but the evidence in favor of this view has been very unsatisfactory. 
Schittenhelm has summarized the findings in the blood in human cases of 
tuberculosis which have received tuberculin, and he concludes that the 
eosinophiles increase after tuberculin and are more numerous in favorable 
than in unfavorable cases of tuberculosis. ‘This cell is also prominent in 
reactions of an allergic nature. In the experiments of this series the 
eosinophiles apparently developed some form of resistance by which they 
were stimulated to an increase in numbers by repetition of the injections 
of tuberculin. Although the fundamental explanation of such a re- 
sponse is not obvious from these experiments, its character is quite in 
accord with the conception of the development of allergy, and with 
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Schittenhelm’s conclusions. It is possible that the variations in response 
of the eosinophiles to tuberculin, dependent upon their development of 
increased sensitiveness or resistance to tuberculin, explain the great di- 
vergence of opinions concerning the effects of tuberculosis upon the eo- 
sinophiles of the blood. 

Inoculation with tubercle bacilli following a course of very small in- 
jections of dilute tuberculin resulted in no variations in the blood picture, 
duration of life, or pathological changes from those which are ordinarily 
seen in tuberculosis of the guinea pig or from those which were found 
in the control guinea pigs of the series. ‘That is, repeated injections of 
Old Tuberculin preceding infection exerted no demonstrable effects upon 
the course of the infection. 

In contrast to this, tuberculin injected in equally small, or smaller 
amounts, following infection was attended by an average prolongation of 
life of the animals thus treated, and an average decrease, during the 
course of the injections, in the monocytes, and in the total white blood 
cells which had risen following inoculation. The lymphocytes showed 
no changes preceding or during the course of the injections. The patho- 
logical process at death showed no demonstrable differences from those 
of the other animals of the series. At the cessation of the injections of 
tuberculin the total white blood cells and monocytes exhibited the pro- 
gressive increases, and the lymphocytes the progressive decreases, usually 
observed in tuberculosis. ‘The steady downward trend of the lympho- 
cytes after injections of tuberculin in the tuberculous animals, in contrast 
to the lymphocytoses which ensued in the normal animals, are quite 
consistent with active infections which may be considered to neutralize, 
by the constant production of toxin, the latent stimulation of the lym- 
phocytes which occurs in normal animals after repeated injections of 
tuberculin. In conformity with the theory that the monocyte dissemi- 
nates the bacilli, and thus spreads the infection, it is consistent that life 
should have been prolonged as it was in these animals, since the mono- 
cytes were decreased during the period when tuberculin was injected. 
The explanation for this decrease in monocytes, however, is not clear. 
It is obvious that the amounts of tuberculin injected in these experiments 
did not call forth the toxic responses generally reported in tuberculosis. 
It is possible that if as large quantities had been employed in the sen- 
sitized animals as were used in the normal animals, or if the infection had 
been allowed to become more generalized than it was before tuberculin 
was started, very different results might have been obtained. But 
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under the conditions of these experiments tuberculin slightly retarded 
the progress of the infection. 


CONCLUSIONS 


1. Old Tuberculin was lethal to normal guinea pigs when injected in- 
traperitoneally in amounts greater than 2 mgm. 

2. Glycerine in high concentration was lethal to normal guinea pigs. 

3. Repeated injections of normal guinea pigs with sublethal amounts 
of Old Tuberculin, or with sublethal amounts of glycerine, caused no 
definite permanent pathological lesions. 

4. In repeated intraperitoneal injections of normal guinea pigs with 
sublethal amounts of Old Tuberculin, each injection was followed by 
an increase in the total white cells and monocytes of the blood, and by 
a decrease of the lymphocytes. The eosinophiles decreased after the 
earlier injections and increased after the later ones. The lymphocytes 
exhibited prolonged elevations above normal, subsequent to the decreases 
which followed the injections. 

5. In repeated intraperitoneal injections of normal guinea pigs with 
amounts of glycerine as great as, or greater than, that used in the in- 
jections of Old Tuberculin, each injection was followed by an increase in 
total white cells and monocytes of the blood, but there was no effect 
upon the lymphocytes or eosinophiles either immediately after injection 
or later. 

6. Repeated injections of guinea pigs with small amounts of Old 
Tuberculin, previous to inoculation with tubercle bacilli, exerted no 
effects upon the tenures of life of the guinea pigs, nor upon the changes 
in their tissues and blood incident to tuberculosis. 

7. Repeated injections of guinea pigs with small amounts of Old Tu- 
berculin, subsequent to inoculation with tubercle bacilli, resulted in 
prolongations of the tenures of life of the guinea pigs, and retarded the 
changes in the blood incident to the infection. 
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OBSERVATIONS ON THE BLOOD-CALCIUM CONTENT 
IN PULMONARY TUBERCULOSIS! 


VERA B. DOLGOPOL 


The occurrence of calcareous deposits in old pulmonary lesions was 
known to the early students of tuberculosis. At first earthy concretions 
were regarded as “a rare appearance of the disease” (Baillie in 1797) 
(1). Bayle (2), in 1810, considered “calcareous phthisis” as a separate 
incurable clinical form, with very few clinical manifestations, and he 
assumed that it may become fatal in cases with excessive accumulation 
of calcareous material in the lungs. Laennec (3) found calcareous col- 
lections a frequent occurrence in old tuberculous lesions and in the walls 
of cavities. 

Later in the century, frequent finding of earthy concretions in healed 
tuberculous foci gave rise to the idea that calcium is essential for their 
repair. Local and general calcium deficiency was therefore expected to 
be present in an active tuberculous process. ‘This idea was apparently 
supported by the experiments of Robin. 

Robin (1894) (4), in examining the ash of tuberculous and normal 
organs, found a diminution of calcium content in tuberculous organs. 
An opinion concerning decalcification in tuberculosis, thus apparently 
established, has been prominent in the literature for many years. How- 
ever, more recent works on the calcium content of organs and body fluids 
in tuberculosis have indicated decalcification as being a rather rare oc- 
currence. 

The experiments of Maver and Wells (1923) (5) on mice infected with 
tuberculosis showed that there is an accumulation of calcium in tubercu- 
lous organs. This excess of calcium could be established chemically 
much earlier than by microscopic examination. 

Since the introduction of the methods of de Waard (1918) (6) and of 
Kramer and Tisdall (1921) (7) much work has been done on the calcium 
content of the blood-serum in tuberculosis patients. All investigators 
agree that there is no marked diminution of serum-calcium content in 
tuberculosis except in the terminal stages. ‘The most extensive studies 

1 From the Pathological Laboratories of the Sea View Hospital, Staten Island, New York. 
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on the blood-serum calcium content in tuberculosis have been those of 
Halverson, Mohler and Bergheim (1917) (8), Sweany, Weathers and Mc- 
Cluskey (1924) (9), Matz (1925) (10), Percival and Stewart (1926) (11), 
and Brockbank (1927) (12). 

The present work is an investigation of the serum-calcium content in 
108 patients with pulmonary tuberculosis. The cases belonged to the 
moderately advanced and far-advanced stages, according to the classi- 
fication of the National Tuberculosis Association. Some of the patients 
presented involvement of several organs. Cases with bone tuberculosis 
are not included in the series. 


Method: The specimens of blood were collected three to four hours 
after breakfast. In order to establish normal figures for the serum- 
calcium, 16 specimens were collected from members of the medical and 
nursing staff three hours after breakfast. 

Two samples of each serum were examined by Clark and Collip’s 
(13) modification of Kramer and Tisdall’s method, and the average of 
two examinations, with differences not exceeding 4 per cent, was taken. 

The blood-serum calcium content in 16 nontuberculous persons, be- 
tween 20 and 50 years of age, ranged from 9.26 to 11.40 mgm. of calcium 
per 100 cc. of serum. The average was 10.08 mgm. In the tables 
the average figure will be referred to as 10.1 mgm. 

In order to establish the frequency of high and low serum-calcium con- 
tents in a large number of nontuberculous persons, the figures of Matz 
(50 cases), of Roe and Kahn (50 cases) (14), and of the above 16 cases 
were analyzed. The investigation of these 116 cases showed that in 51 
per cent of the cases the serum-calcium content was below the average 
normal figure and in 49 per cent of cases it was the average or above it. 

In 108 patients, above 10 years of age, suffering from moderately ad- 
vanced or far-advanced pulmonary tuberculosis, the blood-serum cal- 
cium content ranged from 7.0 to 11.7 mgm. per 100 cc. of serum. ‘The 
average was 9.86 mgm. per 100 cc. 

The majority of cases showed a calcium content within the normal 
range. Eighteen per cent showed the calcium content below the lower 
normal figure. ‘The number of cases with a high calcium (42.6 per cent 
of all cases) was somewhat smaller than in nontuberculous persons (49 
per cent). 
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TABLE 1 


Blood- serum calcium in m¢ oderately advanced and far- advanced pulmonary tuberculosts 


| BELOW 10.1 MGM | ABOVE 
CASES ; RANGE AVERAGE | 9.2 Moc. | OR BE LOW 10.1 Mom 
108 7.0-11. 9.86 mgm. 18 Spee cent | 57. 4 cent | 42.6 ope cent 
' 


The age-group between 21 and 40 showed the lowest serum-calcium 
content; the patients above 40 showed the smallest number of cases 
with a low calcium and the greatest number with a high calcium content. 


TABLE 2 
Blood-serum calcium in pulmonary bubere: tlosis in different age- groups 
AGE OF | RANGE IN MGM. AVERAGE 10. 
11-20 14 8.0-11.2 9.89 14 58 42 
21-40 56 7.0-11.2 9.61 21 66 34 
Above 40 38 7.5-11.7 9.94 10 45 55 


The cases were further classified according to the clinical picture, using 
the classification of the National Tuberculosis Association, and according 
to the age within each group. 

In moderately advanced pulmonary tuberculosis none of the cases 
showed a calcium content below the normal range, while the majority of 
cases showed a serum-calcium above the average normal. The percent- 
age of cases with a high calcium (58 per cent) is greater than in normal 
persons (49 per cent). The height of the average figures decreases with 
the severity of the clinical manifestations, but even in the Moderately 
Advanced C group the average is above the average normal for the serum- 
calcium. 

TABLE : 


Blood-serum calcium in moderately advanced pulmonary tuberc ulosis 


FORM CASES RANGE AVERAGE | ABOVE 10.1 MGM 

6 |9.2-10.7] 10.58 | 4 66 
12 | 9.2-11.1 | 10.38 | 8 66 
13 9.4-11.7 | 10.18 5 | 46 
31 | 9.2-41.7| 10.24 4 17 | 58 


The age-group from 21 to 40 showed the highest average serum-cal- 
cium, and the group above 40 the lowest serum-calcium content. 
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TABLE 4 


Blood-serum calcium in moderately advanced pulmonary tuberculosis in different age-groups 


AGE CASES RANGE AVERAGE ABOVE 10.1 MGM 


mem mgm case | per cent 
11-20 5 9.6-10.9 10.22 3 | 60 
21-40 15 9.4-11.7 10.34 9 60 
Above 40 11 9.2-10.7 10.12 5 | 45 


In far-advanced pulmonary tuberculosis 26 per cent of the cases showed 
a serum-calcium content below the normal range ‘The percentage of 
cases with a high calcium content (40 per cent) is below the figure for 
nontuberculous persons (49 per cent) and much lower than in moderately 
advanced tuberculosis (58 per cent). The average for the far-advanced 
tuberculosis group is considerably lower than the average normal, but, 
as seen from table 5, the forms /AA and FAB show practically average 
normal figures, and only form FAC shows a low calcium content. Eigh- 
teen out of 20 cases with very low calcium belonged to the FAC form. 
The percentage of cases with a high calcium content decreases with the 
severity of clinical manifestations. 

TABLE 5 


Blood-serum calcium in far-advanced pulmonary tuberculosis 


10.1 i ABOVE 
FORM CASES RANGE AVERAGE | BELOW 9.2 MGM. |MGM. OR! 10.1 
| BELOW | MGM. 
a mem. mem. cases | per cent | per cent | | percent 
> 9 10.07 1 | 11 45 55 
10.14; 1 | 6.6] 54 | 46 
53. | 7.0- ‘| 9-52 | 18 | 34 61 | 39 
| 7 7.0-11.5| 9.71 iz 20 ) | 26 26 60 40 


The highest average serum-calcium has been found above 40 years of 
age. The age-group from 21 to 40 showed the smallest percentage of 
cases with a high serum-calcium. 

TABLE 6 


Blood-serum calcium in far-advanced pulmonary tuberculosis at different age-groups 


10.1 MGM. OR 


AGE CASES RANGE AVERAGE BELOW ABOVE 10.1 MGM 
11-20 9 8.0-11.2 9.60 44.4 bees, 
21-40 41 7.0-11.5 9.61 63 a4 
Above 40 27 7.5-11.5 9.85 44.4 IK 
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In the course of the work a high mortality was noticed among the 
patients with a serum-calcium below the normal range. All cases were 
therefore investigated in regard to the death-rate in groups with a differ- 
ent calcium content. Among the patients with a serum-calcium under 
9.2 mgm. per 100 cc. 85 per cent died within three months from the time 
of the blood examination, while the patients whose blood contained over 
10.1 mgm. showed only 6 per cent mortality in the same period of time. 

TABLE 7 
Death-rates in cases with low and high blood-serum calcium 


SERUM-CALCIUM IN MGM. CASES 3 MONTHS’ MORTALITY 
per cent 
3elow 9.2 20 85 
10.1 or below 62 50 (9.2-10.1 mgm.: 42 cases with 33 per 
cent mortality) 
Above 10.1 46 6 


In reviewing the literature on blood-calcium content, several opinions 
were met with in regard to the height of the blood-calcium in pulmonary 
tuberculosis. 

Halverson, Mohler and Bergheim found that in pulmonary tuberculo- 
sis there is no marked deviation from the normal; in improving cases they 
found a slightly higher blood-calcium than in progressing cases. Looft 
(15) found a slight increase of blood-calcium content in benign and 
moderately advanced cases. Matz came to the conclusion that there is 
little variation in blood-calcium content in the different stages of pul- 
monary tuberculosis. Greisheimer and Van Winkle (16) did not find any 
demineralization in pulmonary tuberculosis, but they could establish in 
Moderately Advanced and Far-Advanced C cases a lower blood-calcium 
than in Moderately Advanced and Far-Advanced B types. They observed 
also a lower calcium content in older patients. Brockbank did not note 
any influence of age or sex on the serum-calcium content in the pulmonary 
tuberculosis. In arrested cases he found a high calcium content, and in 
acute cases a very low calcium content. ‘Teplitz (17) found a marked 
loss of calcium in the toxic terminal stages of pulmonary tuberculosis. 

The average serum-calcium content in 108 patients examined by us 
was 9.86 mgm. per 100 cc. of serum. ‘This figure is below the average 
normal figure for nontuberculous persons (10.1 mgm.) The cases be- 
longing to the moderately advanced stage showed an average figure 
above the average normal (10.24 mgm.) and a greater incidence of cases 
with a high serum-calcium (58 per cent in moderately advanced tubercu- 
losis and 49 per cent in normal persons). In far-advanced tuberculosis 


a 
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the average serum-calcium is below the average normal (9.71 mgm.), 
and the incidence of high serum-calcium content is only 40 per cent. 
Within the far-advanced group the FAA and FAB forms showed average 
normal figures, and only the #AC form showed a low average figure and 
a low incidence of high calciums (table 5). Thus, the rather low figure 
for the total is really due to a large number of far-advanced cases in this 
series. It proves that attempts to establish average figures for blood- 
calcium in pulmonary tuberculosis, irrespective of the stage, are of little 
value, and that these figures will be different in each series, depending on 
the predominance of one or the other stage among the cases examined. 

A certain degree of decalcification becomes evident in the FAC form of 
pulmonary tuberculosis. ‘This decalcification is not specific in origin, 
because the forms FAA and FAB, which present extensive specific 
tuberculous lesions, still maintain an average normal serum-calcium and 
a great incidence of cases with a high serum-calcium. The first signs of 
decalcification appear only when secondary infection sets in, and when the 
functions of several organs, especially of the intestine (Blum and Looft 
(18)), become impaired. The drop of the serum-calcium content in 
the terminal stage of pulmonary tuberculosis is really the result of mal- 
nutrition. According to Laufer (19), decalcification occurs with equal 
frequency in all forms of malnutrition, tuberculous or nontuberculous in 
origin, and is a manifestation of a general demineralization involving 
other inorganic ingredients as well. 

The lowering of blood-calcium content in the older ages, observed by 
Greisheimer and VanWinkle, was found to be true for moderately ad- 
vanced pulmonary tuberculosis. The lowering of the blood-calcium 
content in older age has no relation to the tuberculous process, as Kylin 
(20) observed it in normal persons. In far-advanced pulmonary tubercu- 
losis the age-group 21 to 40 showed a very low incidence of cases with 
high calcium content (27 per cent), while the patients over 40 years of 
age showed the highest average serum-calcium and the greatest incidence 
of cases with a high calcium content. 

A strikingly high mortality among patients with a serum-calcium below 
the normal range (85 per cent died within three months) permits us to 
consider a drop of serum-calcium below 9.2 mgm. per 100 cc. as a sign of 
imminent death. 

SUMMARY 


1. In moderately advanced pulmonary tuberculosis the blood-serum 
calcium content is increased. 

2. In the far-advanced stage only the form FAC shows an average 
serum-calcium content below the average normal and a decreased in- 
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cidence of cases with a high serum-calcium. The forms FAA and FAB 
do not show any evidence of decalcification. 

3. The decalcification in the FAC form is the result of malnutrition. 

4. In moderately advanced pulmonary tuberculosis the highest serum- 
calcium content is observed in the age-group 21 to 40, and the lowest 
above the age of 40. In far-advanced pulmonary tuberculosis the pa- 
tients over 40 years of age show the highest serum-calcium content. 

5. A drop of the serum-calcium content to below 9.2 mgm. per 100 cc. 
is a sign of an imminent death. 


I wish to thank the physicians of the Sea View Hospital and Miss M. Norton, the historian 
of the Hospital, for their kind codperation which permitted the completion of this 
investigation. 
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A FURTHER STUDY ON THE SUSCEPTIBILITY OF THE 
HAMSTER (CHINESE FIELD MOUSE) TO THE 
TUBERCLE BACILLUS! 

GEORGE Y. C. LU 

In previous papers (1) (2) (3) it was shown that hamsters (Chinese 
field mice) could be used for the ordinary laboratory diagnostic proced- 
ures for tuberculosis. It was also shown that, while the gross pathology 
of the disease in the hamster is less striking than in the guinea pig, 
microscopic evidence of tuberculosis is easily found. A diagnosis could 
often be made by finding tubercle bacilli in a smear prepared from the 
pus at the site of inoculation or from a lymph node. It has often been 
possible to demonstrate acid-fast bacilli in the inguinal lymph node 
removed as early as two or three weeks after the inoculation of tuber- 
culous material. Another advantage in the use of hamsters is the rela- 
tively low initial cost and cost of maintenance. 

There are, however, several disadvantages in using hamsters instead of 
guinea pigs. In the guinea pig it is often possible to determine the 
presence or progress of tuberculosis by palpation of the lymph nodes 
draining the area of the site of inoculation. With hamsters this is 
difficult. Also on account of the size of hamsters (average weight 30 
gm.) the amount of inoculum injected must necessarily be small. 

In the previous experiments unknown amounts of tubercle bacilli were 
used for tests of comparative susceptibility of hamsters and guinea pigs. 
Accurate information in regard to the degree of susceptibility of hamsters 
to known amounts of tubercle bacilli is needed before these animals can 
be extensively substituted for guinea pigs for diagnostic or experimental 
purposes. Efforts were made in this study to fulfil this need. Studies 
were also made to determine whether the time elapsing between the 
inoculation of bacilli and the appearance of tuberculosis could be 
shortened. 

METHODS 


The strain of tubercle bacillus used in these experiments was isolated 
from the pleural fluid of a fatal case of pulmonary tuberculosis. ‘The 


1 From the Department of Medicine, Peking Union Medical College, Peking, China. 
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bacteria used for inoculation were first partly dried by pressing the cul- 
ture mass between sterile blotting papers. ‘The desired amount was then 
weighed. ‘The weighed bacilli were triturated with a few drops of 
normal saline solution in a porcelain mortar for about 30 minutes to 
ensure a homogeneous distribution. The resulting suspension was 
diluted so that each 0.1 cc.of the suspension contained the desired weight 
of bacilli for inoculation. The number of bacilli present in the dilution 
in which 0.1 cc. of the fluid contained 0.000,1 mgm. of microérganisms 
was estimated by the following procedure: 0.1 cc. of the suspension was 
placed on a slide without allowing it to spread, and driedin theincubator. 
The slide was stained by Cooper’s modification of the Ziehl-Neelsen 
method (4). The surplus stain was gently rinsed off in a beaker, care 
being taken to avoid washing the stained bacteria from the slide. ‘The 
slide was fixed on a mechanical stage and the total number of bacteria 
visible in the preparation was counted. It was found that 0.000,1 mgm. 
of bacteria consisted of approximately 150 acid-fast bacilli. It was of 
course not possible to determine whether all of the bacilli were viable 
or not. 

Inoculation and Observation: Forty hamsters, weighing from 20 to 30 
gm. each, were divided into four groups of 10 each, A, B, C and D 
(table 1). In each group two guinea pigs, weighing about 200 gm., were 
included as controls. All animals were inoculated subcutaneously in the 
right inguinal region immediately above Poupart’s ligament with four dif- 
ferent amounts of microdrganisms, namely, 0.000,1, 0.000,01, 0.000,001 
and 0.000,000,1 mgm. for each group. Two weeks after inoculation 
one hamster from each group was killed for examination, to determine 
the presence or absence of tuberculous lesions. Special attention was 
paid to the right iliac lymph node and the lymph nodes along the aorta 
near the kidneys. Thereafter this procedure was repeated by killing 
and examining one hamster from each group every week. In each case 
the right iliac lymph nodes were prepared for microscopic examination, 
since the lymphatics of the right groin rapidly drain into these nodes. 
The results are shown in table 1. Animals that died prematurely from 
other causes were discarded. 

In table 1 it is seen that, following the injection of 0.000,1 mgm. of 
B. tuberculosis (group A), 6 out of 8 hamsters, or 76 per cent, showed 
tuberculous lesions, one as early as the fourth week after inoculation. 
Likewise, in groups B and C, injected with smaller amounts, 85 per cent 
and 75 per cent, respectively, were infected. In group D 5 out of 9 
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hamsters developed tuberculosis after four weeks following inoculation 
with the smallest amount of B. tuberculosis. According to the estimated 
number of bacilli in the amount of inoculum of group D, each animal 
received not more than 1 or 2 bacilli. 

All except two of the guinea pigs were tuberculous seven weeks after 
the inoculation. One inoculated with a dose of 0.000,1 mgm. of B. 
tuberculosis died of emaciation in the fourth week after inoculation. 
The other, which was killed in the seventh week after the inoculation of 
0.000,001 mgm. of B. tuberculosis, failed to show lesions of tuberculosis 
either grossly or microscopically. 


THE EFFECT OF ROENTGEN-RAYS ON THE DEVELOPMENT OF TUBERCULOSIS 
IN HAMSTERS 


Although numerous efforts have been made to shorten the period of 
time elapsing between the inoculation of suspected tuberculous material 
and the appearance of tuberculous lesions in animals used for diagnostic 
purposes, most of the attempts have been disappointing. However, 
Morton (5) and McGrath (6) have reported a shortening of the time by 
exposing guinea pigs to roentgen-rays. 

In this study their experiments were repeated in hamsters in col- 
laboration with Dr. C. K. Hsieh. 

Experimental: Hamsters were exposed to a dosage of 55 k.v. (maximum 
peak, secondary voltage), 5 m.a., 12-inch target-skin distance, for 15 
minutes daily for 3 days, ten days before inoculation. ‘The amounts of 
bacilli injected into 48 hamsters ranged from 0.000,1 to 0.000,000,1 mgm. 
At the same time an equal number of normal hamsters was inoculated 
with corresponding amounts of bacilli. At 10-day intervals irradiated 
and normal hamsters were killed and examined for the presence of tuber- 
culous lesions. 

It was found that the earliest tubercle-formation occurred in several 
of the normal (nonirradiated) animals. Generally there was little dif- 
ference in the time of first appearance of tuberculosis between the two 
groups. ‘The lesions were somewhat more extensive in the irradiated 
animals receiving 0.000,1 mgm. than in the normal hamsters, but those 
receiving smaller doses showed practically no differences between the 
treated and untreated groups. 
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CONCLUSIONS 


Hamsters are susceptible to minute amounts of tubercle bacilli. As 
high as 85 per cent were successfully infected with approximately 10 to 
15 bacilli. About 50 per cent showed tuberculous lesions ten weeks after 
inoculation with probably not more than 1 or 2 living bacilli. The first 
evidence of tuberculous infection after the inoculation of a few tubercle 
bacilli appeared about four weeks after inoculation. 

Exposure of hamsters to roentgen-rays before the inoculation of tuber- 
cle bacilli had no effect on shortening the time elapsing before tuber- 
culous lesions appeared. 
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